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This report presents an overview of the Laboratory Directed Research and Development
(LDRD) programs at the three Department of ByegiDOE) nuclear weapons national
laboratories: Lawrence Livermore (LLNL), Lédamos (LANL), and Sandia (SNL)Yhe

report focuses on the role of LDRD in supporting the national security mission of DOE
by these national laboratorieBhe report is a product of the Defense Programs LDRD
Working Group, which consists of representatives of the three national laboratories, the
cognizant DOE operationsfafes [Albuquerque (AL) and Oakland (OAK)], and DOE
Headquarters (Defense Programs).
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LDRD Working Group meeting at Lawrence Livermore Laboratory
December 10, 1996

back row: John Vigil, LANL, Dan Bergbauer, DOE/DP, Ed Heighway*, LANL, Nathan Lucas*, DOE/OAK,
John Brewer, SNL, front row: Lucille Gentry, DOE/AL, Mauri Katz*, Chair, DOE/DP, Rokaya Al-Ayat*, LLNL, Stacey
Blaney, LLNL, Chuck Meyers*,SNL, not present: Larry Adcock*, DOE/AL

* principal member
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Preface

For over half a centuryve have maintained the reliability and safety of the Nation's
nuclear weapons stockpile through a strategy of surveillance, nuclear and nonnuelear test
ing of both stockpiled and new weapons, and an active program of new warhead design and
production and replacement of old weapdigh the end of the Colwvar and the advent
of a Comprehensivéest Ban Treatywe had to develop a new approach for ensuring the
Nation's nuclear deterrerithis approach, Science-Based Stockpile Stewardship (SBSS),
requires a more fundamental, in-depth understanding of all the science, materials, and engi
neering basic to nuclear weapons, as well as the capability to remanufacture or refurbish
weapons in the enduring stockpile. Success of SBSS depends upon the Nation's stewards of
nuclear weapons, the three nuclear weapons national laboratories: Lawrence Livermore,
LosAlamos, and Sandia.

The strategic value of the three nuclear weapons national laboratories lies in their world-
class science, technolggnd engineering-hese capabilities, which constitute a national
resource, must stay on the cutting edge because the, safaiyity and reliability of the
Nation's nuclear weapons depend directly on them. Key to maintaining the vitality of the
nuclear weapons laboratories, moregi®t.aboratory Directed Research and Development
(LDRD).

The LDRD program provides the laboratory directors with the needed flexibility to
invest in longeiterm, higheirisk, and potentially highgoayof research activities that
stretch the science and technology capabilities of the laborafbinissieport highlights
contributions from the LDRD programs at the three nuclear weapons national laboratories
in supporting the implementation of SBSS and the overall national security mission.

LI

Victor H. Reis
Assistant Secretary for Defense Programs
Department of Engy




|. Role of Laboratory Directed Research and Development
at the Nuclear Weapons National Laboratories

Authorized by Congress to
Maintain Laboratory Vitality

nuclear materials, and by seeking ways to
reduce and counter nuclear proliferation.
These activities are part of DGEStockpile
In 1990, the Congress of the United Stewardship Management Program.
States recognized* the importance of laboraEnsuring that the nuclear weapons stockpile
tory directorinitiated research and develop remains safe, secure, and reliable in the
ment (R&D) at the Department of Eggr absence of nuclear testing is a technical
(DOE) national laboratories in the form of a challenge perhaps greater than any the
program called Laboratory Directed laboratories have faced. Meeting this
Research and Development (LDRD)he challenge requires innovative science and
Congress authorized LDRD expenditures totechnology with the laboratories continuing
a maximum of six percent of the funds pro to advance in areas such as:
vided to the laboratories for national security

activities. This 6% rate compares to the » atomic, nuclearand plasma physics;

approximately 2% to 20% typically invested ¢
in R&D by industry in the United States.
LDRD is mandated to be creative and innhov
ative R&D to ensure the scientific vitality of
the laboratories in defense-related scientific
disciplines. The three nuclear weaponsdab e
oratories, Lawrence Livermore, L&&mos,
and Sandia, make use of the LDRD prograre
primarily to strengthen their science and
technology foundations in support of their
overall national security mission. .

Supports the National
Security Mission

chemistry and materials science,
including special nuclear materials
(SNM) and other advanced materials
under normal and extreme conditions of
temperature and pressure;

radiation (neutron and photon) transport
and thermohydrodynamic methods;
precision and advanced manufacturing;
sensors, instrumentation, miniaturized
electronics, and diagnostic tools;

lasers and particle accelerators;
state-of-the-art computers, numerical
modeling, simulation techniques, and
computer networks; and

environmental science and bioscience.

LDRD has contributed to each of these

The nuclear weapons laboratories have areas and is relied upon as an integral and
contributed substantially to ending the Coldcritical component of the scientific research
War by developing the science and technol supporting the national security mission.
ogy underpinning the nation's nuclear deterBy funding diverse, challenging, and rele

rent capability. Todayhe laboratories'

vant science, the LDRD program is a major

main mission is to reduce the global nucleavehicle for attracting and retaining the most

dangerThis they do by being stewards of

qualified scientific personnel, as well as for

the nuclear weapons stockpile, by managininteracting with universities, industrgnd
other scientific andresearch institutions.

*Public Law 101-510, 42 U.S.C., known as the F01
National Defense Authorization Act




Focuses on Cutting-Edge R&D nuclear materials, modeling of complex-sys
for the Future tems, fundamental studies of actinides,

high-temperature superconductivity, accel-
By any measure, the nuclear weapons erator production of tritium, advanced
laboratories are among the world's great scdynamic radiographic science, remote sens
ence and technology institutions and are  ing science and technoladyioremediation,
critical to the Nation's science and techroloand quantum information systems.
gy infrastructureTheir capabilities have
allowed them to successfully solve the

most complex problems, especially those produces Exceptional Levels

relate_d tq national securityBeyond their of Scientific and Technological
contributions to nuclear deterrence, the lab
Output

oratories have made major contributions to
conventional defense, nuclear fission pqwe!
inertial and magnetic confinement fusion, As measured by refereed scientific publi
nuclear propulsion, alternative eggr cations, R&D 10Awards, and patent appli
sources, and environmental technology cations, the LDRD program produces

The primary focus of LDRD is higher exceptional levels of scientific and techno
risk and potentially high-reward R&D for  logical output—about five times more than
the future—projecting beyond the more what would be expected on the basis of its
specific, neaterm, programmatic requie  percentage of laboratory fundinglhe data
ments. By creating and maintaining a solidfor these metrics, shown for F\95, are
science and technology base, LDRD allowsalso representative of previous fiscal years.
the laboratories to create new ways of ful LDRD researchers have made, and-con
filling their mission and to respond rapidly tinue to make, many important contribu
to evolving and emging national needs as tions in fundamental and applied science
they arise. Some examples of recent LDRIrelevant to nuclear weapons technology
projects are fundamental studies in aging onuclear materials, defense nuclear waste

Percent Attributable to LDRD (FY 1995)

Refereed R&D 100 Patent

Publications Awards*  Applications
Los Alamos 53 67 35
Lawrence Livermore 32 40 25
Sandia 12 75 38

*In a world-wide competition, R&D Magazine annually selects
the 100 most significant products, materials, processes, software,
and systems with commercial promise.




disposal, nonproliferation, counterprolifera
tion, and conventional defense through the
most innovative science and technology
These in turn have enabled important
advances for the core national security-pro
grams. Some of these contributions are
highlighted in Sec. Il, with additional detail
and other examples given in tAppendix.

The Ofice of theAssistant Secretary for
Defense Programs, together with the
Albuquerque and Oakland Operations

the opportunity to stand back from the near
term ugencies of current programs to take
a strategic look at the health of, and prog
nosis for their science and technology and
their key resources. It furtherfefs the
opportunity for the institutions to execute
multidisciplinary multiprogram research
that explores their toughest scientific prob
lems in a multifaceted wayBut most
importantly it solicits the most innovative
science and technology from the full seien
tific expertise of the institution, often look
ing beyond the horizon of the immediate
science and technology environment to
create genuinely new capabilityn this
report, there are several examples of LDRD

Offices, hold the three weapons laboratoriesesearch that were initiated to answer a
strictly accountable for management of theiiscientific question and that subsequently

LDRD programs through formal require
ments and active oversigfihe require-
ments include annual approval of program
plans and funding levels, annual program
reviews and reports, and annual certificatiol
of methods for accumulation of funds. Each
laboratory has a formal process for manag
ing its LDRD program that includes calls fol
proposals, peer and scientific management
reviews, and project selection procedures.
In addition, representatives from the three
laboratories and the DOE oversighticés
compose a working group that meets quar
terly to share information, encourage collab
orations, and address and resolve issues o
mutual interest.

LDRD has been created as a program
separate from the ongoing directly funded
programs, which follows best practice in
research g@anizations worldwide This
deliberate separation provides several
important benefits. It &érs the institutions

found important but unforeseen applications
to programs in both the defense and
commercial sectors.

Laboratory Directed R&D

strengthens the science and
technology foundations of the
nuclear weapons laboratories

helps attract and retain
top-level scientific personnel

allows the laboratories to
respond rapidly to emerging
national needs

supports the DOE national
security missions as well as
civilian applications

uses peer and scientific
management reviews to select
projects

maintains a high level of
accountability




Il. Highlights of Contributions of Laboratory Directed
Research and Development to National Security

The three nuclear weapons laboratories New Imaging/Diagnostic Techniques
conduct LDRD programs that contribute  for Stockpile Stewardship and
substantially to their cutting-edge capabili Suyrveillance
ties in nuclear weapons science and-ech
nology; nonproliferation, counterprolifera Without nuclear testing, our fundamental
tion, and arms control; nuclear materials understanding of the underlying science of
characterization and defense waste disposalyclear weapons per

and other national security areas such as formance must be
materials, detectors, and computational  improved. LDRD
tools for defense applications. In thissec researchers are deve
tion, we highlight a few examples of LDRD oping new diagnostic
contributions in these areas; additional techniques for stoek
details and other examples are presented ipile certification and
the Appendix. for improving the
modeling capability
of our nuclear

Nuclear Weapons Science and ~ Weapons codes.

Technology Below, we highlight
two new diagnostic

techniques: proton

LDRD re_searchers arg . . . radlog_raph_y ar_ld lase Proof-of-principle proton radiograph of a static test
* developing new and innovative imaging sheet illumination.  object using high-energy protons.

and diagnostic techniques to augment

traditional x-ray radiography for Proton Radiography. Recently, LDRD

stockpile stewardship and surveillance; researchers identified a promising new
» advancing the fundamental understand-approach for making high-resolution radi

ing of special nuclear materials with ographs of very rapid events in high-density

recent emphasis on thdegdts of aging; materials using high-engy protons.
» developing environmentally friendly Proton radiography complements neutron

and more dicient approaches to and x-ray radiography and has the potential
remanufacturing and refurbishing for providing tomographic movies of an
nuclear weapon components in the implosion of a simulated warhead. Its
enduring stockpile; advantages are high spatial resolution; sen

» developing advanced methods for sitivity to density variations, and the ability
modeling and simulating nuclear to capture the time history of the implosion.
weapons with high fidelity; and LDRD has funded a proof-of-principle test

« advancing the state of the art in that produced proton radiographs of a
supercomputing. densestatic object. LDRD scientists are

now developing the capability to make
dynamic radiographs of dense objects
under explosive compression.




Laser-Sheet lllumination. The tendency
of adjacent but dissimilar liquid layers to
interpenetrate and mix together (interface
instability) is a problem of central impor
tance to nuclear weapons performance
and simulation. In particulainterfacial

t=0 simulation

data

MILSI-measured and computed instability of a thin
fluid layer driven by shock compression.

instability of a thin fluid layer driven by
shock compression is a fundamental issue
understanding turbulent mixing in nuclear
weapons. LDRD researchers are develop
ing a new measurement technique, called
multiple imaging of lasesheet illumination
(MILSI), to obtain "snapshots” of the evelv
ing instability. The information obtained
with MILSI leads to more accurate simula
tion models and improved computational
1esults. This technology complements {ra
ditional x-ray radiographic methods and

enhances the diagnostic capabilities for-non

nuclear hydrodynamic tests, as well as
improving the ability to predict nuclear
weapon performance.

Aging Effects in Nuclear Weapon
Components

Understanding the fefcts of aging on
nuclear weapon components, particularly
plutonium and polymers, is a very impor
tant aspect of Science-Based Stockpile
Stewardship (SBSS). LDRD researchers are
making substantial contributions to this
understanding through theoretical, computa
tional, and experimental analyses.

Plutonium Aging. The efect of helium
ingrowth (from alpha decay) on the integrity
of plutonium as it ages is an important issue
in stockpile stewardship and recertification.
Of particular interest is the metalijical
condition of the metallic lattice and sub
structural features such as the accumulation
of helium bubbles at grain boundaries. Such
defect structures are known tdeaft

swelling and cracking in other materials, and
they may negatively influence the mechani
cal properties of plutonium under high-
strain-rate conditions. LDRD researchers are
investigating helium bubble formation and
aistribution in aged plutonium metal using
transmission electron microscomynall-

angle neutron scattering, and other advanced
techniques.They are also developing the
computer simulation tools to evaluate the
effect of this and other aging phenomena on
properties that are germane to nuclear
weapons safety and performance.

Helium bubble formation in plutonium.




Polymer Aging. Degradation of polymers  used to understand the fundamental behavior

as they age is probably the most important of polymeric elastomer3he improved

factor in limiting the lifetimes of stockpiled understanding of polymer aging phenomena,
such as crack formation and propagation, can

be directly applied to predicting the useful
lifetimes of nuclear weapon components.
| 0% Advanced Manufacturing Processes
Relevant to the Weapons Program

LDRD researchers are making substantial
| 2000 contributions to advanced manufacturing
technologies that are directly relevant to the
nuclear weapons progranthese technolo-
gies include high-power lasers to perform
delicate and sophisticated machining opera
tions on nuclear weapons components;
laseraided deposition of metals to fabricate
component parts to neéinal tolerance with
no waste generation; and fast-casting tech
nology that bypasses traditional machining
operations.

nm
0 2000 4000

¢ 4000

Laser Machining and Stodpile
Management. Maintaining the safety
reliability, and eflectiveness of the enduring
nuclear stockpile will require remanufacturing

2000

0 2000 4000 subpicosecond laser cut in aluminum conventional laser cut in alu-

Materials aging research: grain boundary corrosion
in high explosive.

weapons. LDRD researchers are using bot - "= < -

experiment and theory to link thedarspan Ja e ik
of scales needed to predict accurately how = - = o[ Lo e
changes in chemical structure, physical struc ' i

Subpicosecond lasers can cut with no collateral damage, higher precision,

ture, and state of stress Impact the meehan and higher efficiency than is achievable with conventional lasers.

cal properties of the materiallthough

some aspects of each of the size scales  and refurbishing of components as

(atomic, molecularmesoscale, microscale, the weapons age. LDRD researchers

and macroscale) have been studied in the have developed advanced lasers to perform
past, LDRD researchers are making one of sophisticated and delicate machining

the first attempts to link this wide range of activities. The early focus of these

size scales into a coherent picture that can hdRD activities developed a theoretical




understanding of lasenetal interactions. highly flexible; operators can change to new
This knowledge has led to realistic simula shapes by downloading a new computer file
tion models, which have been validated by into the positioning systerithe high-enegy
comparisons with experiments, and to an indensity of the laser permits fusing of any
depth understanding of the appropriate lasenetals including refractory metals that are
parameters for specific machining applica
tions. In particulgrLDRD basic research in
short-pulse, laseébeam interactions with
material provided information, which, when
used with the lasenaterials machining
codes, indicated that very accurate materia
cutting was feasible. Results from these
investigations led to the development of a
high-power (petawatt orQl5 watts), short-
pulsed (less than a picosecond o#21€)
laser that can cut special nuclear materials
with the required fine precision, making it
possible to remanufacture and refurbish
weapons systems in an environmentally
benign and cost-&fctive manner. i
Development of the petawatt laser has led pirected- light fabrication of complex metal parts.

to subsequent program funding for classi

fied applications in weapons remanufacture

that will save the Nation hundreds of mil  hard to form with conventional techniques.

lions of dollars. The process is ideal for low-volume produc
tion of precision parts for both defense and

Directed-Light Fabrication of Weapon civilian applications. This LDRD-developed

Components.LDRD researchers have process won an R&D 100 award in 1994.

developed a new fabrication process called

directed-light fabrication (DLF) and are Casting TechnologiesLDRD researchers
exploring its application to nuclear weaponshave provided enabling technology for a
fabrication (beryllium, uranium, and pluto process, called FastCast, that allows very
nium components)lhe DLF process is an rapid production of stockpile-quality fireset
automated, rapid, one-step method of mak housings for nuclear weapons. FastCast
ing complex metal parts by fusing metal integrates computational simulation, rapid
powder in the focal zone of a laser be&m. prototyping, and casting technologies into
positioning system, programmed for each an architecture that enables the designer to
part's design, moves a laser beam along thgo from "art to part,” bypassing traditional
contours of the part as metal powder is fed machining operationsThe FastCast teeh
into the beam spot and fused, one layer at aology has made possible the delivery of
time. The resulting parts are fully dense, fireset housings within ten working days of
have excellent structural properties, and areeceipt of the electronic design (about 20
shaped to within a few thousandths of an times faster than previously possible).

inch of final tolerance without the use of a In another related LDRD firt, scien
mold, pattern, or forming did.he system is tists are developing improved casting
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processes using ambient-temperature mol(Nuclear Weapons Simuléon Methods.

and numerical tools to predict phase trans LDRD researchers developed the discrete
formation, thermal behavipresidual ordinates (Sn) method for radiation trans
stresses, and distortion during plutonium port, the particle-in-cell method for hydro
casting. If proven practical, the ambient- dynamics, and other computational tools
temperature mold concept will simplify that are now used widely in both military
casting-furnace design and reduce the heeand civilian applicationsToday, LDRD
treating time necessary to produce the researchers are providing the technology to
required homogeneity in the plutonium implement these tools on the new genera
part. This LDRD efort is also developing tion of massively parallel supercomputers.
computer simulation programs to predict They are also extending the capability of
distortion, residual stress, and thermal these tools through new developments such

management in cast plutonium parts. as a complex geometric representation com
Advances in these areas will benefit both  mon to both Monte Carlo (MC) and Sn

the Advanced Design and Production codes; an automatic, three-dimensional MC
Technology (ADaPT) andccelerated variance-reduction algorithm; a massively
Strategic Computing Initiative (ASCI) parallel, high-ordelaccurate, deterministic
programs of the DOE. transport method capable of modeling eom

plex, three-dimensional geometries; innova
Advanced Computational Capability tive algorithms involving volume/interface
and Nuclear Weapons Simulation tracking, advection, and interfacial flow for
improved simulation fidelity and ffiency;
The ability to predict with confidence  and new adaptive mesh refinement tech
the performance of nuclear weapons baseniques such as the one described below
on computer simulations and nonnuclear  Engineers design and simulate the perfor
experiments is key to maintaining a safe, mance of new products, whether autemo
secure, and reliable stockpile in the biles or nuclear weapons, by first creating
absence of nuclear testing. Computer simia spatial-mesh model of the objethis
lations of the complex phenomena that mesh-generation task has traditionally been a
occur in a nuclear explosion continue to  highly challenging and time-consuming por
tax available state-of-the-art computationation of the overall analysisApproaches to
capabilities and sim

ulation techniques.

LDRD researchers T
are developing - ﬂ B

advanced methods m st — T e R -y
and tools to model T '

radiation, material, | ; L
and heat flows in "l

nuclear devices. S e—— o s 4o S SRS H!EEE!!;E!'IH'!HIMI

On a broader front,
. . Evaluation of nuclear weapon effects has shifted from nuclear tests to
they are exploring advanced computing  nonnuclear experiments and computer simulations (shown are atmospheric

technologies and advancing the state-of- effects).
the-art computational capabilities at the
three nuclear weapons laboratories.
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Sample spatial mesh
used to simulate dam-
age to a nuclear war-
head and its shipping
container in an impact
with a rigid wall.
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solving this problem have been investigatedtransfer network technology by inventing
by LDRD researchers, and one outcome is @he high-performance parallel interface
new patented algorithm called "paving,” (HIPPI), which supports local networks at
which fills an arbitrarythree-dimensional data-transfer rates of 800 million bits per
surface with quadrilateral elementdis all-  second (equivalent to one-hundred, 250-
guadrilateral mesh can be made both very page books per second). HIPPI has been
efficient and accurate, and for complicated adopted as a standard by &merican

cases, the algorithm can produce a mesh National Standards Institute, and it is

three to ten times faster than current manuaturrently the high-speed interface of choice
methods. Paving can also be used to modiffor supercomputers. Building on this

and improve a mesh during analysis, a LDRD work, a synchronous optical network
process called adaptivjtwhich can take the (SONET) gateway has been developed that
guesswork and error out of constructing a can link supercomputers at HIPPI speeds

finite-element mesh. over very lage distancesThis invention
received an R&D 108ward in 1995.

Data-Transfer Network and Multimedia LDRD researchers have also contributed

Technology.Computer simulations of to the understanding of tfad-management

nuclear weapons require not only the most issues in high-speed, asynchronous-trans
powerful computers available, but also the fer-mode (AM) networks by developing
ability to transfer huge amounts of computa an MC simulator that models the various
tional data and the capability to display this components in such a networKTM tech-
data in forms that can be more easily digestnology is the basis upon which the Defense
ed and analyzed. LDRD researchers have Programs' high-performance ASCI network
advanced the state of the art in fast, data- is being designed.

12
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Nonproliferation, » acomputebased tool for modeling the HlPF;lI-soollxl_ET_%ate\évay
. . t t
Counterproliferation, and global management, control, a_nd flow Ofsegsersgmsurtling So
Arms Control weapons-grade nuclear materials. address complex
problems.
LDRD researchers are advancing the ~ Advanced Gamma-Ray Detectors
science and technology required to verify
and monitor arms control treaties and to In the early 1990s, LDRD funded
help detect the clandestine production of research on new types of gamma-ray detec
weapons of mass destruction such as tors, imaging gamma-ray cameras, and the
nucleay chemical, or biological weapons. computer analysis of signals from networks
Highlighted in this section are of detectors. Much of this work was initially

motivated by fundamental astrophysical
a gamma-ray imaging detector that has investigations, but it has subsequently found
found application in the arms inspectionsits most important applications in counter
called for by the Strateghrms proliferation and treaty verification. One
ReductionTreaty particularly important development is a
techniques for distinguishing signals ~ gamma-ray imaging spectrometer (GRIS),
from a clandestine nuclear explosion  which can be used to count the number of

from signals generated by natural warheads on board a missile without requir
phenomena such as lightning, ing either close access to the missile or its

a suitcase-sized gas chromatograph/ disassembly Related applications that take

mass spectrometer for on-site advantage of GRIS's ability to "see" behind
identification of ultrasmall traces of shielding occur in the characterization and

certain compoundsnd safeguarding of nuclear weapons and in

nuclear waste disposal.

13




Configuration for
GRIS imaging of a
Peacekeeper missile.

GRIS image from an
emplaced Peacekeeper
missile carrying ten
warheads.

Another LDRD-funded development,
nonimaging detectors, is also finding appli
cation in counterproliferation activities.
These detectors can track the movement of €
"clandestine" nuclear weapon by using a
sophisticated tracking algorithm to identify
the weapon's signal in a high-background
environment. Eventuallythis approach
could be used in civilian areas such as sea
ports, airports, and other high-risk but
constricted areas.

Detection of Clandestine Nuclear
Explosions

Earth-orbiting satellites have detected
transionospheric pulse pairs that are similar
to signatures generated by a nuclear explo
sion. LDRD scientists have now shown that
these signals can be explained by a runaway
electron mechanism near thunderstorms that
causes upward-propagating disgjes
called "sprites."The new theory agrees with
measurements of radio-frequency "chirp"”
pairs, as well as with optical and x-ray
emissions associated with this phenomenon.
This understanding will allow scientists to
more accurately identify signals from clan
destine nuclear explosions.

LDRD researchers are also developing a
method to detect clandestine nuclear explo
sions in the upper atmosphere based on the
detection of low-frequency (subaudible)
sound waves, which can travel and be
detected at great distancébese subaudible
sound waves are rare in nature, but are
generated in aboveground nuclear explo
sions and can be detected worldwide with
the properly designed monitoring system.
The researchers have used subaudible soun
waves generated by space shuttle launches
to test, refine, and determine how to deploy
detection equipment and how to optimize
ways to analyze the data.

14



graph/mass spectrometer (GC/MS) for on-
site identification of ultrasmall (microgram
measurement or less) quantities of certain compounds in
complex mixturesThe system weighs 20
kilograms, including an accompanying
laptop computercan be carried onboard an
airplane, and can be placed into the ever
head compartment. Meanwhile, its accom
panying generator andfdfne vacuum-
reconditioning pumping unit travel in the
baggage compartmenthis LDRD-devel
oped system is finding application in ron
proliferation activities.

Lk i ) " - L
i . by C ' caléulatien
I fil ded K |

Theory of 'sprites' fits measured rf ‘chirp’ pairs
(shown) as well as optical and gamma-ray pulses.

Suitcase GC/MS system.

System for Detecting Trace
Materials Indicative of
Proliferation

LDRD has funded research to determine
how best to measure trace materials for
nonproliferation, counterproliferation, and
other purposes. Using sophisticated analyti
cal equipment, researchers imganic, inor
ganic, and biochemistry invented and
demonstrated new ways to determine the
composition and, often, the sources of the
most minute samples of unusual materials.
One such example is development of a
portable, suitcase-sized gas chromato

15



ment and control of nuclear materials; to

undertake macrosystem simulations of safe
Global Nuclear Material Flow Model guards accounting surety and safeguards

resource estimation; and to visually repre

The global proliferation of weapons-  sent the nuclear materials information,

grade plutonium and highly enriched uraniincluding both intercountry and intracoun
um has become one of the foremost threatgy flows. The researchers have developed
to global securityLDRD researchers are g prototype of the fundamental, computer
characterizing and modeling, from a globalhased framework necessary to undertake
perspective, the management, control, andthese studies. It is expected that this tool
will help answer questions concerning the
degree of certainty associated with estimat
ing material quantities based on inventory
information, safeguards-accounting infor
mation, and material transit. It should also
provide the framework, initial data, and
information necessary for conducting oepti
mization studies to estimate safeguards
resource requirements based on the existing
safeguards resources, management and
control requirements, and changing
assurance needs.

Country-
specific

Collection
scenarios
(prioritized)

Proliferation
modeling

Nuclear Materials and
Defense Waste Disposal

Decision
making

Vulnerability
assessment

Other

(politial) LDRD-funded activities at the nuclear

weapons laboratories have contributed sig
nificantly to science and technology

_ advances in nuclear materials and defense
LDRD researchers are developing tools to help understand the man-

agement, control, and flow of weapons-grade nuclear material. waste diSpO.Séll.. In this section, we high”ght
LDRD contributions to

flow of weapons-grade nuclear materials. |
The objective of this research is to provide
a computetbased tool capable of capturing
and enumerating data concerning the glob
al inventory of nuclear weapons materials;
to provide a global view of the manage

the measurement of the melting curve

of plutonium,

advanced methods for processing and
recovering plutonium,

the recovery of actinides and toxic
metals from a variety of process streams,
and
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» the development of sensors for 60
monitoring special nuclear
materials (SNM). 50
Plutonium Equation of State

The diamond anvil cell (DAC), invented 0
by LDRD researchers in the 1980s, is & ve
satile experimental tool for studying the  3°
properties of materials at very high pres
sures. The DAC apparatus is well suited 5
for investigating plutonium and other toxic
metals because the samples required are 0
very small (milligrams) and are easily eon
tained. More recent)\ DRD researchers
developed a lasdreated DAC that allows 0 200 400 600 800 1000
high-temperature, high-pressure measure _

. . . Debye-Waller factors for plutonium alloys from
ments in regimes that previously could only,eytron scattering.
be reached during chemical or nuclear
explosion-driven experiments. The recovery methods. It takes advantage of plu
researchers have used the ldsssted DAC tonium's strong &hity for hydrogen gas, a
to extend the melting curve of plutonium, reaction that forms plutonium hydridehe
which has helped solve a long-standing  reaction takes place in a vacuum chamber
problem in accurately modeling implosion inside a glove boxThe lower part of the
devices. Precise measurements of the-melichamber includes a heated
ing curve have enabled more accurate simgrucible, and the upper part (cold zone)
lation of the distribution of solids and 1iq
uids in an imploding device, thereby lead
. . . hydrogen gas
ing to improved understanding of the from uranium hydride bed component
implosion process and better prediction of [ > containing plutonium
device performance.

Plutonium Recovery

LDRD researchers are performing a 0 = hydrogen gas

series of laboratory-scale experiments to = plutonium hydride vacuum
obtain data for enhancing the operational = = piutonium, .‘ pump
and safety characteristics of a new process  after dehydrating oTo

for recovering metallic plutonium from heated _ | 0%l §_o"

nuclear weapons. The hydride-dehydride crucible ~ [=amiu i

recycle process, which won a 1995 R&D
100 Award, eliminates the environmental Hydride/dehydride process for plutonium recycle.
hazards associated with other plutonium
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contains the weapon componehtsmall
amount of hydrogen gas is introduced

into the cold zone, where it reacts with the
plutonium to form plutonium hydride
powder.The powder falls into the hot
crucible where the hydrogen is released
(the dehydriding reaction].he hydrogen
then recycles until all the plutonium has

work helps provide core technology for
the Advanced Recovery and Integrated
Extraction System (ARIES).

In a related LDRD development,
plutonium metal is converted to plutonium
hydride,which is then chlorinated to form
plutonium chloride and volatile chloride
impurities.This technology could be used to

been extracted from the weapon componenteprocess plutonium from older nuclear
When the process is complete, the plutoniweapons for use in recycled weapons, or it

um powder is melted and incorporated
into a storage-ready ingothis LDRD

intake from
electroplating
rinse bath recycled metal-bound
polymer
polymer 0 gauge
addition ‘
(outlet)
—_—p
‘ metal-free
discharge
1 11T
v v 1
ultrafiltration
/ cartridge

(inlet)

gauge

macrofilter

pump

Polymer filtration system for metal-ion recovery.

could provide weapons plutonium as puri
fied feed material to be burned in nuclear
power reactors as part of nonproliferation.
This LDRD efort has resulted in a success
ful feasibility demonstration that has
strengthened the technology base for pluto
nium processingrhis new technology is
being considered by the DOE Fissile
Materials Disposition Program for removing
impurities from plutonium contained in
excess pits.

Polymers for Actinide and Toxic
Metal Recovery

The high cost associated with the long-
term storage of radioactive and toxic
wastes mandates separating these cempo
nents in a process waste stream before the
waste is packaged and stored. LDRD
researchers have developed and evaluated
watersoluble chelating polymers for
recovering actinide and toxic metals from a
variety of process streams, as well as poly
mer filtration for recovering precious et
als from industrial process strearAs.
portable, polymer filtration system based
on this technology and used to recover zinc
and nickel ions from electroplating rinse
waters won an R&D 108ward in 1995.
LDRD researchers are now investigating
membrane-based separation technologies
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for the removal of plutonium and americi gamma-ray spectrometer can be used to
um from nucleamaterials-processing detect nuclear smuggling, to aid in SNM

waste water; fission-product separations search scenarios, or to performsitu

using cobalt dicarbolide for solvent extrac monitoring of airborne radioactive particu
tion; hollow-fiber membrane modules for lates that have been collected on filters.

separating gases and nuclear materials; and

selective waste remediation usiimgsitu Other National Security
phOtocatalytiC reactors. Research Areas

Portable Gamma- and X-Ray LDRD contributions to other national
Detector security areas include research and develop

ment of materials, detectors, and computa
LDRD researchers have developed a newtional tools for conventional military appli
field-portable, x-ray fluorescence (XRF) cations, as well as sensors for environmen
analyzer based on |lge-area mercuric tal monitoring. In this section, we highlight
iodide (Hgk) radiation sensors, for on-site LDRD contributions to high explosives,
analysis of solid and liquid #fients.The ultrasound spectroscopy for nondestructive
unit consists of a hand-held probe and an testing of military components, synthetic
XRF analyzer module, which contains a aperture radar and advancedy&recogni-
computey software, and displayrhe tion technologyand sensors for monitoring
instrument is lightweight, easy to operate, organic compounds.
and battery powered; it requires no main

tenance for months and is capable of High-Explosives Research and
remote, unattended data collectidie Development

XRF instrument also operates as a direct

gamma-ray spectrometaand it has been LDRD-funded researchers have devel

used to perform nondestructive assays of oped numerical models that are routinely
radioactive gamma-emitting materials suchused to predict the performance and

as uranium and plutoniunthe high-rese  response of high explosives (HE), especially
lution capability of the Hglsensors allows insensitive HE, which has contributed great
the instrument to identify radioactive ly to the safety of nuclear weapofiis
materials by their unique radiological sig work has led to the development of new
natures, and it has been used to charactershape-chaye technology for conventional
ize a wide variety of nuclear materials.  defense. In addition, LDRD researchers
The sensors are radiation tolerant, with a have developed molten-salt technology that
damage threshold two to three orders of is being applied by the military to the safe
magnitude higher than cryogenically

cooled silicon or germanium detectors;

this allows their use in monitoring high-

level radioactive waste or in long-term

monitoring of weapon pits. Beyond the

capability for monitoring stored SNM, the
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and environmentally benign disposal of tive testing of military components (aircraft

high landing assemblies, turbine disks, heli

explosives. copter rotor parts, and ball bearings) and
for identifying the contents of chemical

Ultrasound Identification of Failure  munitions. Exploratory work is in progress

in Military to use RUS to study thefeé€ts of aging on

Hardware hemispherically shaped explosive ajes
as part of our stockpile stewardship
responsibilities

Resonant ultrasound  The identification and development

spectroscopy (RUS) of RUS is an excellent example of how

was originally used  LDRD research that was initiated to

as aresearch diag  answer a scientific question can find

nostic in an LDRD-  important applications in both the military

funded project to and commercial sector&pplications of

measure the proper RUS built on the foundations provided by

ties of high-tempera the LDRD research have earned RUS

ture superconducting several patents and two R&D 1B@/ards.

crystals. It was

quickly determined  Synthetic Aperture Radar and

Portable field instru- that RUS could be used for the nondestruc Automated Target Recognition

ment used to rapidly - tjye testing of crystals for imperfections in  Technology

and noninvasively .

examine and identify the crystal structuréhe technique was fur

the contents of sealed  ther applied to monitor for cracks and other LDRD researchers have advanced-syn

containers. flaws in commercial and military hardware. thetic aperture radar (SAR) technology by
RUS is now being used for the nondestruc exploring applications of SAR to space;

Image from a spaceborne SAR used for real-time surveillance, targeting, and topographic mapping.
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developing a unique, three-dimensional intermultiple-source data fusion, feature
ferometric SAR; and extracting ¢gat coordi  extraction, and neural-net exploration to
nates and features from SAR imagéy investigate solutions to tA'R problem.
battlefield SAR systems on tactical aircraft Sensors for Environmental
become more common, the amount of SAR Monitoring
imagery that must be handled and
analyzed will increase dramatically The LDRD programs at the nuclear
Handling the increased amount of SAR weapons laboratories have funded funda
imagery and the timely identification of mental and applied research on sensors for
time-critical tagets, such as mobile SCUD environmental monitoring of defense
missile launchers, will require automated wastes and for detecting environmental
target-recognition (AR) systems that can indicators of weapons production. Using
quickly scan the imagery and point out molecular self-assembly techniques, LDRD
areas of interest for image analysis by researchers have developed a compact and
humans. LDRD researchers are applying robust surface-acoustic-wave (&based
chemical microsensor for remote, real-time

Functional reversible sensing of volatileganic com
layer matched pounds. Self-assembly techniques allow
to agent /

toxin-sensing molecules toganize (or
self-assemble) so that one end of the mole
cule bonds directly to a sensing detector

(a transducer) and the other end extends as
a “bucket” tailored to temporarily trap
specific chemicalsChanging the size and
polarity of the bucket allows the microsen
sors to be custom-tailored so that they track
specific oganic toxins.The oganic sensing
layer (or bucket) is designed and constructed

O

I using moleculaengineered cyclodextrin
/Si ™ derivatives, which provide a cone-shaped
gla:;‘efr molecular structure that can readily trap
specific oganic toxins. Because the
/Si\ cyclodextrin buckets bind the contaminants
1

weakly, the microsensor is reversible and
can be used to monitor continuously chang
ing concentrations of the contaminant over

SAW-based chemical microsensor showing its
three-layer (surface, linker, and functional layer)
structure.
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I1l. Conclusions

an extended period of tim&his LDRD- technology and provides important links to
developed technology received an R&D the science and technology communities in
100 Award in 1995a government, industryand academiaThis
National Security Relies in turn allows LDRD to leverage additional
Strongly on LDRD scientific resources and to help attract and

retain top scientific talent.
The LDRD programs at the nuclear
weapons laboratories help ensure the LDRD is Managed in

world-class science and technology base Partnership with DOE
needed to address the national goals of

enhancing national security and reducing
the global nuclear danger Because of its uniqueness and critical
LDRD solicits the most innovative sci  importance to the three nuclear weapons
ence and technology from the full scientifidaboratories, LDRD is a prized resource that
expertise available at the weapons labo is managed in close collaboration between
tories, thereby creating a vital source of the laboratories and DOEhe Department
new capability Thus, LDRD contributes provides policy consistency among the three
significantly to the scientific basis and laboratories.The laboratories have well-
innovation required for science-based defined processes in place for proposat sub
stockpile stewardship, stockpile and mittal, peer and/or scientific management
nuclear materials management, nonprolif reviews, and project selectioifhe labora-
eration and counterproliferation, and envi tories constantly seek ways to leverage their
ronmental stewardship, as well as for the six percent funding allocations to be more
civilian missions of DOE. productive and responsive to the R&D
Because science and technology are needs of their programs, particularly to their
expected to continue to play a vital role innational security programs.
the Nations security LDRD must remain Both laboratory and DOE management
at the cutting edge to maintain the vitality strongly support the vital role LDRD has
of the three nuclear weapons laboratoriescome to play in accomplishing the national
security mission. LDRD has become an
LDRD is Essential to integral and essential part of the nuclear

Laboratory Capability weapons national laboratories.

With efforts to balance the national bud
get becoming more intense, and as pro
grammatic funds for supporting research
become more scarce, LDRD is being reliec
upon more and more for the longerm,
higherrisk, potentially highereturn R&D.

As seen from the examples in this repori
LDRD delivers cutting-edge science and
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Appendix

Examples of Contributions of Laboratory Directed Research
and Development to the National Security Mission

This appendix contains examples of
contributions of LDRD in the areas of
nuclear weapons science and technology;
nonproliferation, counterproliferation
and arms control; nuclear materials and
defense waste disposal; and other
national security areas. For completeness,
the examples highlighted in the body of
the report are repeated here, in many

cases with additional details.

Additional examples are included
to provide the reader with a more
complete picture of the range of LDRD
activities supporting national security at
the three nuclear weapons laboratories.
These examples, however, are by no
means a comprehensive set of such
LDRD activities at the laboratories.
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Nuclear Weapons Science and together (interface instability) is a problem of central
Technology importance to the nuclear weapons and inertiat con
finement fusion communitie3.he instability of a
The Laboratory Directed Research and Development thin layer is especially relevant and not well under
(LDRD) programs at the three nuclear weapons laborastood. Recent experimental observations of bifurcat
tories are major contributors to both basic and applied g flow that is sensitive to initial conditions sparked
research in a wide variety of suentlf_lc disciplines that ;\iarest in developing a better understanding of
support nuclear weapons technologies. shock-accelerated layers. LDRD researchers are
using novel experiments, thepnd numerical simu
Innovative Imaging/Diagnostic Techniques lation to study and understand interfacial instability
for Stockpile Stewardship and Surveillance in interfaces of liquid layers that are shock-accelerat
ed by high explosived he researchers are detecting
Increased reliance on nonnuclear experiments for  these flow patterns by applying a new optical imag
stockpile certification, supported by improved computa ing technique (multiple imaging of lassheet illumi
tional modeling capabilityincreases the need for nation) to illuminate a two-dimensional slice of a
advanced hydrodynamic radiographic capabilities that three-dimensional flow fieldThis technology com
supplement and complement traditional x-ray radiogra plements traditional x-ray radiographic methods and
phy. In addition to the two innovative diagnostic tech  enhances the diagnostic capabilities for nonnuclear
nigues described immediately beldWDRD researchers hydrodynamic tests.
are developing advanced neutron-scattering techniques
for application to nuclear stockpile stewardship and sur Aging Effects in Nuclear Weapons
veillance (described in a subsequent section). Components

Proton Radiography. Recently LDRD researchers Understanding the ffcts of aging on nuclear
identified a promising new approach that uses protonsweapons components, particularly plutonium and

as the radiographic prob€his approach éérs several polymers, is a very important aspect of science-based
important advantages over traditional x-ray radiegra stockpile stewardship. LDRD researchers are making
phy for investigating explosively driven compression significant contributions to this understanding through
of heavy-metal systems. Some of these advantages amevelopment of sensors and instrumentation-tech
high spatial resolution, sensitivity to density variations,niques for enhanced surveillance, as well as through
and the ability to capture the time history of the implo theoretical, computational, and experimental analyses
sion. These capabilities are necessary to address-stoclof materials in radioactive environments.

pile certification issues definitively without recourse to

nuclear testing. LDRD researchers have performed a Enhanced Suweillance Suppoting Reseach. The
successful proof-of-principle test of a static test object understanding of the behavior of materials used in
using 188-MeVprotons and are completing a similar  nuclear weapons during long-term storage is a major
experiment using gigaelectronvolt proton beanos. challenge. LDRD has invested in special sensors and
demonstrate proton radiograpsytue potential for instrumentation techniques to analyze the slow changes
providing tomographic movies of an implosion of a  in these special materialBhis research falls into three
simulated warhead, LDRD researchers are developingmajor categories: computational analyses of materials
and implementing a test capability for dynamic proton exposed to radiation and other harsh environments;

radiography instrumentation for atomic-level structural changes; and
special sensors for environmental microchanges
Laser-Sheet Illumination. The tendency of adjacent The computational analyses, which are centered

but dissimilar liquid layers to interpenetrate and mix on structural changes that occur as special nuclear
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materials age and slowly decaye designed to predict the physics of helium ingrowth in plutonium, LDRD
the times for refurbishment and change-out of existing researchers are investigating how this ingrown
parts with new or remanufactured parts. helium responds to various temporal and environrhenta
Instrumentation is represented by the new class of conditions, as well as the concomitarfeefs on
atomic-force and tunneling microscopes, which plutonium properties.
researchers are using to measure atomic-scale rates of
corrosion and materials deterioration. In addition, these Polymer Aging. Polymer aging has been identified as
instruments have been used to measure the physical the most important materials issue facing extended
properties of gganic materials when newas they lifetimes of stockpiled weapons. LDRD researchers
slowly decompose, and when they are remanufactured.have undertaken the challenging task of linking
These measurements allow comparison of (using both experiment and theory) theglaspan of
computationemodels of atomic-scale (nanoscale) size scales (1@ to 104 meters) inherent in any study
structures to actual measured systems. Using teelse  of elastomers to accurately predict how changes in
niques, the researchers have been able to measure corrochemical structure, physical structure, and state of
sion rates that are a million times slower than presently stress impact the mechanical properties of the system
observed and calculated. In addition, grain structures canWhile some aspects of each of these levels (atomic,
be measured for new and replacement parts. molecular mesoscale, microscale, and macroscale)
The final class of surveillance technologies consists of have been studied in the past, this LDRD work is one
in situ sensors that are placed in nuclear weapons and thaif the first attempts to link this wide range of size
report on environmental conditions. Examples include  scales into a coherent picture that can be used to
sensors that detect the outgassing of hydrogen and  understand the fundamental behavior of polymeric
organicbinder materials within a sealed weapon. Several elastomersThe improved experimental and models-
of the new sensors are read out with fibgtic tech based understanding of the science of polymer aging
niques, thus preserving the electrical isolation of the syscan be directly applied to predicting the lifetimes of
tems while allowing continuous, long-term surveillance weapons components.

Plutonium Aging. The efect of helium ingrowth

(from alpha decay) on the integrity of plutonium as it

ages in the stockpile has been identified as an impor

tant issue in stockpile stewardship and recertification. LDRD has made important contributions to advanced
Of particular interest is the metalflical condition of manufacturing technologies relevant to the nuclear
the metallic lattice and substructural features such as weapons progranthese technologies include the
the accumulation of helium bubbles at the grain following:

boundariesThese helium bubbles can approach 100

angstroms in size; such defect structures are known toe laser machining techniques;

affect swelling and cracking in other materials. * laseraided deposition of metals to form
Therefore, the helium bubbles may negatively influence  component parts to neéinal tolerance;

the mechanical properties of plutonium (e.g., spall » fast casting technology that bypasses traditional
strength) under high-strain-rate conditions experienced = machining operations;

with explosive compression. LDRD is currentiynd- » extreme ultraviolet lithography with

ing integrated theoretical and experimental investiga

tions aimed at understanding and predicting the forma

tion, growth, and dftision of helium bubbles and their
size distribution in the plutonium metal lattice. In
addition to providing a sound understanding of
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unprecedented resolution;

robotics for advanced manufacturing and
dismantlement; and

other manufacturing technologies for special
nuclear materials.



Laser Machining and Stodkpile Management.
Maintaining the safetyeliability, and efectiveness of
the nuclear stockpile will require remanufacturing and
refurbishing of components as these weapons age.

Dir ected-Light Fabrication of Weapon

Components.LDRD researchers have developed a
new fabrication process called directed-light fabrica
tion (DLF), and they are exploring its application to

Using conventional machining techniques to remanufac nuclear weapons fabrication (beryllium, uranium, and
ture or refurbish the special nuclear materials contained plutonium componentsY.he DLF process is an auto

in the weapons may cause undesirable contamination,
and these techniques, because they are not delicate
enough, could destroy an unacceptablgdgvart of the
structure, requiring its replacement.

Building on capabilities developed for laser isotope

mated, rapid, one-step method of making complex
metal parts by fusing metal powder in the focal zone
of a laser beanA positioning system, programmed
for each pars design, moves a laser beam along the
contours of the part as metal powder is fed into the

separation programs, LDRD researchers have developetieam spot and fused, one layer at a tifie resuk

advanced lasers to perform sophisticated machining
activities on nuclear weapon componeitse
researchers developed a theoretical understanding of
lasermetal interactions at superhigh irradiances; devel
oped numerical models based on this understanding;
validated their models by comparisons with experi

ing parts are fully dense, have excellent structural
properties, and are shaped to within a few thou
sandths of an inch of final tolerance without the use
of a mold, pattern, or forming di&he system is
highly flexible; operators can change to new shapes
by downloading a new computer file into the posi

ments; and are now using this understanding to optimizdioning systemThe high-enagy density of the laser
performance of the lasers in particular applications suchpermits fusing of any metals, including refractory

as machining of nuclear weapon components.

metals that are hard to form with conventional tech

LDRD researchers have developed a petawatt laser niques.The process is ideal for low-volume produc

(1,000 joules in 1 picosecond), whose initial purpose
was to explore a potentially morefiefent and less-

tion of precision parts for both defense and civilian
applicationsThe LDRD-developed DLF process won

expensive mechanism for laser fusion. Construction of a 1994 R&D 10GAward.

the petawatt laser required the development of many
new technologies, one of which is directly applicable
to the development of short-pulse, high-power lasers
for machining applicationg he basic research in
short-pulse, lasematerial interactions provided infor
mation, which, when used with lagm@aterials machin-
ing codes, indicated that very accurate and delicate
material cutting was feasible.

Results from the LDRD machining investigations
show that high-poweshort-pulsed lasers like those
first developed by LDRD researchers can cut special
nuclear materials with the required fine precision,

Casting TechnologiesFastCast is a process for inte
grating computational simulation, rapid prototyping,
and casting technologies into an architecture that
enables the designer to go from “art-to-part,” bypass
ing traditional machining operations. Seed funding
provided by the LDRD program provided the underly
ing technology for the FastCast process. Before
FastCast, it took 50 to 70 weeks to manufacture the
first stockpile-quality fireset housings a result of the
long delivery times, designers almost always produced
the first article and subsequent development units on a

making it possible to remanufacture weapons systems milling machine.Thus, an expensive process was

in an environmentally benign and cosfeetive
mannerApplications of these lasers to science-based
stockpile stewardship are expected to save the
Nation hundreds of millions of dollars in weapons
remanufacturing costs.
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locked into the production stream, and, in many cases,
months were required for delivery of the first itefhe
FastCast technology has made possible the delivery ol
fireset housings within ten working days of receipt of
the electronic desigi consortium called FastCast,

Inc., consisting of 15 companies, has been formed to
support and guide this technological developimen



Baseline casting technology for fabricating plutoni
um parts in the Pit Rebuild Program uses shaped,
reusable metal molds heated above the melting point
of plutonium.This technology does not address the
effects of high thermal gradients, phase transferma
tion, or development of residual stress during solidifi
cation; nor does it address distortion of the plutonium
part after solidification, cooling, and final heat treat
ment. LDRD researchers are investigating a new
approach for improving overall product quality and
decreasing process complexity while simultaneously
reducing the waste stream and worker expodtre.

approaches must be developed and commercialized to
meet the industry needs.

As early as 1989, work on a new approach using
extreme ultraviolet (EUV) wavelengths and reflective
mirrors to achieve 0.1-micron resolution was made
possible by LDRD work on EUource technology
The success of this LDRD-supported research led to
a major technology transfer initiative (TTI) program
that resulted in several cooperative research and
development agreements that are coordinated by a
DOE-appointed Industriaddvisory Board.The TTI
program has resulted in several significant advance

study involves developing improved casting processes ments, including the only fully integrated 0.1-micron
using ambient-temperature molds and numerical tools EUV lithography tool in the world, which has put the

to predict phase transformation, thermal behavior

United States at least two years ahead of both

residual stresses, and distortion during plutonium cast Japanese and Europeafoef and allowed fabrica
ing. If proven practical, the ambient-temperature mold tion of the worlds smallest device using projection

concept will simplify casting-furnace design and

lithography This work required state-of-the-art

reduce the heat-treating time necessary to produce theadvancements in wafer stages, resists, sources, cam

required homogeneity in the plutonium part. LDRD
researchers are also developing computer simulation
programs to predict distortion, residual stress,

and thermal management in cast plutonium parts.
Advances in these areas will benefit both the
Advanced Design and Producti®dachnology

(ADaPT) andAccelerated Strategic Computer
Initiative (ASCI) activities of the DOE.

Extreme Ultraviolet Lithography. The DoD and

DOE defense programs rely heavily on microelectron
ics to provide qualitative superiority over potential
adversariesAdvanced communication using miniatur
ized, low-power phones; ultraprecise navigation with
portable global-positioning satellite equipment; and
fast, on-board signal processing are but a few exam
ples.Advanced lithographyor pattern transfers the
key driver for all microelectronics. Industry expects a
70 percent reduction in the size of microelectronics
every three years. Until ngwthography has been able
to meet this demand by using exscreasing expo-
sure wavelengths down into the ultraviolet region of
the spectrum. Howevgthe present lithographic
approaches cannot be extended further because of
material limitationsThere are no lens materials that
are transmissive below 180 nanometers. New
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eras, and control systemihe EUV lithography tool

is now being used to fabricate miniaturized sensors
with unprecedented sensitivity and novel microstruc
tures for applications in materials management and
nonproliferation. Recent)yit has been used to fabri
cate the worlds smallest digital hologram for possi
ble defense applications.

Robotics for Advanced Manufacturing and
Dismantlement. The Intelligent Systems and Robotics
Center (ISRC) was created almost ten years ago to
provide R&D support of DOE needs in defense-pro
grams and environmental remediation. LDRD funding
has played a central role in developing the ISRC’
current capabilities and making it the leading robotics
R&D center in the United StateBhe ISRC's activi

ties span the gamut from research through develop
ment to application, with LDRD providing key fund
ing at the “head of the pipeline.” Fielded systems for
weapons dismantlement, pit storage and monitoring,
and deployment of systems for component manufac
ture have relied heavily on LDRD-funded develop
ments in robot control, force sensing, and system
software.



Several current LDRD activities are on a fast track
to affecting advanced manufacturing operations in
weapons production. One of these, Alrehimedes
assembly planning system, can read the desgner
computeraided-design files and create feasible
assembly sequences that influence the manufactura
bility of a product and, consequentfyrovide impo¥
tant feedback to the designér addition, scientists
are exploring the use @éfrchimedes in the develep
ment of training videos to allow field modifications of
existing weapongsAnother LDRD activity is explor

In the latter case, the research seeks to create
uranium alloys that have the desired weapons-physics
properties and that meet future weapons-complex fab
rication requirements. In the former case, the research
seeks to determine the control parameters for spin-
forming uranium parts by using the extensively devel
oped, elastic-plastic, finite-element mechanics codes
(e.g., Nike andopaz) together with constitutive-equa
tion measurement3his problem is important because
spin-forming is a natural net-shape production process
for the nuclear weapons prografnforming machine

ing applications of the HoldFast fixture design system has been procured; a controller is being refitted with

to the production of neutron generators. Fixturing is

new sensors and algorithms that use the results of the

an important roadblock and major expense in this and LDRD research; and state-of-the-art spin-forming will

similar production activitiesThe HoldFast approach

be undertaken during the coming ydarradiation

appears to have a high likelihood of reducing both the dosimetry a very important experiment funded by

time and cost of acquiring fixtureShese advanced
manufacturing technologies, which were developed
by LDRD researchers, are leading to reduced costs,

LDRD has indicated that exposure to radiation is
somewhat less dangerous than previously thought anc
that the present DOE standards are safe and can be

improved response, and better product performance inused for future stockpile activities.

the manufacture of weapons components.

Other Special Nudear Materials (SNM)
Manufacturing Technologies.In addition to the
radioactive and biochemical dangers that special
nuclear materials possess, they have many unusual
physical properties that make their fabricatiori-dif
cult. It became clear that it was important to study the
possibility of using advanced fabrication techniques
for new nuclear weapons production faciliti€ae
objective was to develop more compact ariitieht
manufacturing processes with environmentally less
burdensome waste streams and a more healthful

environment for workers.
LDRD activities to support this objective have €en

tered around three major activities: special materials

Computer simulation of the complex phenomena
that occur in a nuclear explosion continues to tax
available computational capabilities and simulation
techniques. LDRD funds have been invested over the
years in exploratory aspects of advanced computing
and have been instrumental in advancing the computa
tional capability at the three nuclear weapons laberato
ries. The ability to predict with confidence the perfor
mance of nuclear weapons based on computer simula
tions without reliance on nuclear testing is key to
maintaining a safe, secure, and reliable stockpile for

waste streams, net-shape materials forming, and-radiathe foreseeable future.

tion dosimetryActivities relating to materials waste
streams have been very successful, and their results
are already incorporated into most of the new plant
concepts. In net-shape forming, recent LDRD work
involves both the finite-element analysis of uranium
spin-forming and the alloying chemistry of uranium.

32

Massively Pamllel Computers. LDRD researchers
have made significant contributions to the develop
ment of both hardware and software for high-perfor
mance computing at the nuclear weapons national
laboratories. For example, during the last decade, it
became apparent that mass-produced comyputer
processor chips, if assembled together into a massive



ly parallel computercould produce a thousand-fold

Data-Transfer Network and Multimedia

increase in our capacity to simulate complex physical Technology.Computer simulation of nuclear weapons

conditions; this capacity increase was necessary for
our national security missionshe most pressing
unanswered questions were (1) How does one wire

requires not only the most powerful computers avalil
able but also the ability to transfer huge amounts of
computational data and the capability to display this

these “commodity chips” together? and (2) How does data in forms that can be more easily understood and
one write the softwarePhe three weapons laboratories analyzed. LDRD researchers have pushed fast, data-
began their exploration of these questions by acquiringransfer network technologynaking it now possible

several diferent types of computing machines made
from these chips, exploring the writing of the types of
software needed for national security problems, and
investigating the closely related problems of memory
sizes, networks, display techniques, and operating
systems.

LDRD researchers investigated a series of experi
mental computers, including the multiple-instruction
multiple-data architecture, with coherent and distrib
uted memoriesThese researchers found that limita
tions in data storage and network architectures were
bottlenecks in solving national security problems and
that these bottlenecks were not being adequately
addressed by the commercial communifyRD funds

to use the combined computational power of super
computers at several locations (e.g., at the three
nuclear weapons laboratories) to solve vergdar
complex problems.

This research resulted in the invention of the high-
performance parallel interface (HIPPI), which sup
ports local networks at data-transfer rates of 800 mil
lion bits per second and has been adopted as-a stan
dard by theAmerican National Standards Institute.
HIPPI has been implemented in many vendors' equip
ment and is currently the high-speed interface of
choice in the supercomputer arena. Built on the LDRD
work, a gateway has been developed that can link
supercomputers at HIPPI speeds over vegelalis-

were used to initiate a joint Computer Storage Project tancesThe gateway creates networks that can send

(CSP) between the laboratories and the commercial
sector. The CSI resolving these “bottleneck”
problems and is providing enabling technology to
commercial suppliers.

Another LDRD efort in high-performance computing
brought together a team made up of computer system

the equivalent of one-hundred, 250-page books acros:
the country in one second@his invention received an
R&D 100 Award in 1995.

Asynchronous transfer modeT/) technology is
the basis upon which Defense Progra(@$’s) high-
performancéccelerated Strategic Computing

designers and computer system users who were tacklingnitiative (ASCI) network is being designed. LDRD
very complex problems such as nuclear weapons desigihas contributed to the understanding officahan-

and global climate modelinghe team investigated pos
sible computer architectures and systems and applica

agement issues in high-spe&dM networks. In par
ticular, a Monte Carlo (MC) simulator was written to

tions software that could address complex problems thatmodel the various components inAFfM network

simultaneously require both the ability to handle huge
ranges in the time and space scales and the ability to
simulate the immense complexity of the many interact
ing phenomena in such problerii$is LDRD work has
provided enabling technology for the development of
the “Connection Generation” of computational
machines that employ massively parallel architecture.

and was used to study data-transfer congestion. It wa
shown that performance is very sensitive to data loss
in ATM networks; that is, a small percentage of data
loss results in a high level of degradation in the per
formance of an applicatioAs ATM technology is

being deployed to alleviate bandwidth bottlenecks,
congestion issues become increasingly important.

Connection Machines are now regularly used as part of This LDRD work is providing the understanding and

the nuclear weapons program computational base,
where much lager computational needs are driven by
the cessation of undmound nuclear testing.
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insight that can lead to better network switch design,
to improved network resource provisioning, and to
effective network management.



Modern engineering requires increased collaborationevaluating adaptive mesh refinement techniques; and

and communication between designers, analysts, and

developing innovative algorithms involving

manufacturers who are located in separate facilities andolume/interface tracking, advection, and interfacial
even in separate states. More and more, these sourceglow for improved simulation fidelity and #€iency.

of information are producing multimedia results: video
and still images of test results, plots of sensor data,
electronic drawings of parts, and annotations of
processes by text or audibhis type of environment

Engineers design and simulate the performance of
new products, whether automobiles or nuclear
weapons, by first creating a spatial-mesh model of
the object.This mesh-generation task has traditienal

requires diverse sets of applications, including sharing,ly been a highly challenging and time-consuming

archiving, retrieving, broadcasting or multicasting,
searching, and linking of multimedia data streahine
distributed audio/video environment (MB) is a

portion of the overall analysi$\s computational
capability increases, the size and scope of analyses
performed have increased proportionaflyrther

model that integrates multimedia-ready computers into complicating the mesh-generation task and creating &

a distributed multimedia environmeitthe initial fund
ing for DAVE came from an LDRD activity to develop

bottleneck in the simulation process. LDRD
researchers are investigating approaches to solving

a heterogeneous video-conferencing environment that this problem. One outcome of this research is a new
includes multiparty video conferencing and application patented algorithm called “paving,” which fills an

sharing. DAE is widely used and is the premier
method for transporting high-speed, high-bandwidth,
high-frame-rate, real-time video over computer
networks.

Nuclear Weapons Simulation MethodsLDRD

arbitrary three-dimensional surface with quadrilateral
elementsThis all-quadrilateral mesh can be made
both very eficient and accurate, making it very desir
able for analysis. Because the process is automated
even for very irregular shapes, it saves the analyst
time that can be used for more in-depth and exhaus

researchers have been instrumental in developing the tive analysis and testing. For complicated cases, the
tools needed to model radiation (neutrons and photonsalgorithm may produce a mesh three to ten times

and material flows in nuclear devices. LDRD work led
to the development of the discrete ordinates (Sn)
method for radiation transport, the particle-in-cell
method for hydrodynamics, and other computational
tools that are used widely todayurrent LDRD
research in this area is providing the technology to
implement these tools on the new generation of mas

sively parallel supercomputers. For example, a current

LDRD project is providing important new capabilities
that include a complex geometric representation-com
mon to both MC and Sn codes; an automatic, three-
dimensional MC variance-reduction algorithm; and
massively parallel, high-ordexccurate, deterministic

faster than current manual methods. Paving can also
be used to modify and improve a mesh during analy
sis, a process called adaptivityhich can take the
guesswork and error out of constructing a finite-ele
ment meshThe paving algorithm has had immediate
impact on the user communitgnd hundreds of ana
lysts are using it to increase their productivity

LDRD investments in neutron-scattering science are
making significant contributions to stockpile steward

transport methods capable of modeling complex, threeship by providing advanced capabilities for examining

dimensional geometrieAnother LDRD activity is
restructuring a prototype three-dimensional hydrody
namics code on thE3D computer; implementing and
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the condition of nuclear device components. In-addi
tion, LDRD has provided the initial impetus for sever
al acceleratedriven transmutation technologies
(ADTTSs), including accelerator production of tritium
(now a major DOE programmaticfet).



Neutron-Scattering Diagnostic Capabilities During at MLNSC to produce spallation neutrons in géar

the past few years, LDRD investments in neutron- assembly. The engy spectrum of the spallation nreu
scattering science diagnostics at the Manuel Lujan trons is modified using a neutron moderatord the
Neutron Scattering Center (MLNSC) have provided  neutrons are absorbed and multiplied in a pepver

new capabilities that are enhancing the ability to carry ducing subcritical assemblyo produce or destroy the
out the stewardship mission in a nontesting environ targeted materials, excess neutrons are either absorbe
ment. SpecificallyLDRD investments allow neutron in the same assembly or in a blanket asseriily
examination of components of a nuclear device to thermal enagy generated in this process is recovered
assess its condition through detection and measure to produce electrical powewhich drives the accelera

ment of changes associated with agiug.example tor (any excess electrical power goes to the electric
is a small-angle scattering spectrometer that allows  power grid).
detection of internal cracks and voids in materials LDRD researchers have investigated technologies
such as shaped high-explosive deas. Those small for the components involved in the variABTT
defects could cause ignition hot spots, potentially applicationsAs a result of this early LDRD work,
greatly reducing yield or even causing failure of a accelerator production of tritium has been selected as
nuclear deviceThis instrument can also detect the an alternative to the traditional use of high-pqweeii-
presence of helium bubbles in plutonium (from cal, nuclear reactors. If the accelerator approach is
alpha decay) that may induce small changes in the  selected as the technology of choice for maintaining
plutonium properties, again contributing to poor the nation$ supply of tritium, the LDRD work will
weapon performance. have produced a very significant contribution to stock
Another example is development of neutron pile stewardship and national security

probes that can measure residual stress in engineering

materials. Such stresses can cause changes in mechai

ical properties that have serious impact on reliability

and safetyln the absence of mass production of Lasers are the key to many modern electronic device

weapon components and the resulting lack of statisti  from compact-disk players to printers to weapon-com

cal process control, such neutron probes provide the munication system3.hese devices currently use tiny

only technique for ensuring that a remanufactured lasers, called edge-emitting semiconductor lasers, that

component does not contain damaging residual strainsare grown in semiconductor chips. LDRD-funded engi
On the analysis capability side, LDRD researchers neers have been working to develop a vertical cavity

have modified a computer code, which was designed surface-emitting laser (VCSEL) that will replace and

to analyze neutron and x-ray data, to allow determi  greatly improve existing laser technoloy\CSELs are

nation of the internal “texture” of materialBhis grown in layers just like more familiar types of semicon
modified code is regarded as a significant break ductor devices. Mirrored cavities in the semiconductor
through that now allows examination of possible emit light when supplied with electric curredCSELSs,
changes inside metallic components. first demonstrated in Japan, have been developed and
refined by LDRD researchers since 1986.a result of
Accelerator-Driven Transmutation Technologies. this work, the United States holds the world record for
Since the early 1990s, LDRD researchers have VCSEL efficiency (53%) at a 1-milliwatt power level.
investigated and developed acceleriased tech- VCSELSs ofer many advantages over existing tech

nologies such as the production of tritium, the conver nology.They are several hundred times smaller than
sion/destruction of weapons-grade plutonium, and the edge-emitting lasers, and they produce a higoetity,
transmutation of nuclear waste with concurrentgyner more tightly packed beam of lighthis new technolo
production. ADTB use high-engy (approximately 1 gy enables advanced packaging of multichip modules,
gigaelectronvolt) proton beams such as those available
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new nuclear safety options, and internal and external ray images. Coaligned with the gamma-ray imagers is

weapon communication systems. Recent LDRD work a video camera, which provides both a visual aim

has focused on developiMCSELSs for multigigabit- point and visible light images that can be overlaid with

persecond optical data communications applications the gamma-ray image to pinpoint the location of the

and on designing, growing, fabricating, and characterizradioactive material.

ing devices that operate at up to 20 gigahertz. GRIS has found many applications, including envi
ronmental cleanup, astronomgedicine, and nuclear
power. Howeverits most significant application has

Nonproliferation, Counterproliferation, ~ Peen in arms inspections called for by thé\RBT—

and Arms Control specifically it has been L_Jse_d to _count the r_u_mee_r of
warheads on board a missile without requiring either
close access to the missile or its disassenit#lated

Examples of LDRD contributions to national security applications that take advantage of GRI&bility to

in the areas of nonproliferation, counterproliferation, “see” behind shielding occur in nuclear waste disposal

and arms control are described in this secfitrese and in the characterization and safeguarding of nuclea

LDRD efforts are advancing the science and technolo weapons.

gy required to verify and monitor arms control treaties,

and to help detect the clandestine production of Nonimaging Detectors. Another LDRD-funded devel
weapons of mass destruction such as nyateamical, = opment, nonimaging detectors, is also finding applica
or biological weapons. tion in counterproliferation activitieat a demonstra

tion at a military base in Europe, these detectors were
able to track the movement of a "clandestine" nuclear
Advanced Gamma-Ray Detectors weapon by using a sophisticated tracking algorithm to
identify the weapon's signal in a high-background
LDRD research in gamma-ray imaging spectrometerenvironment. Eventuallythis approach could be used
and nonimaging detectors has found application to the in civilian areas such as seaports, airports, and other
arms inspections called for by the Strategims high-risk constricted areas.
Reduction Treaty (START).

Gamma-Ray Imagng Spectrometer. In the early Monitoring Devices for Nonproliferation

1990s, LDRD funded research on new types of gamma-and Arms Control

ray detectors, imaging gamma-ray cameras, and the

computer analysis of signals from networks of detectors. LDRD has supported the development of technolo
Much of this work was motivated by fundamental astro gies for monitoring clandestine, as well as announced
physical investigations, but it has found its most impor nuclear explosions. One example, a reliable technique
tant applications in counterproliferation and treaty-veri for on-site verification and measurement of nuclear
fication. One particularly important developmentisa  weapon yields, has made a major contribution to the
gamma-ray imaging spectrometer (GRIS), which-con  ThresholdTest BanTreaty (TTBT).The technique,

sists of four coaligned, independent imagers, each with continuous reflectivity radius-versus-time experiment,
its own detector and coded aperture mask. Each detectts based on early LDRD research into shock wave
“sees” incoming gamma rays only through its own propagationThat work demonstrated geological
specially coded mask, which serves as the imaging  applicability of the method and played a major role
optic for the gamma ray$his mask is mounted on a  in establishing a trusted and simple measurement
movable plate in front of the detector plane; moving thetechnique that enabled the successful and prompt
plate provides diérent levels of zoom for the gamma- conclusion of & TBT.
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The ability to detect small, clandestine, umpleund
nuclear tests globally has become increasingly impor
tant. Another LDRD project successfully developed a
new method that measures the scatteredygroem-
tained in the trailing seismic waves of an evé&he

detect these chemicals by using sophisticated spectro
scopic techniques and lagadar probing systems.
Many challenges are associated with such detection
techniques, including the influence of the atmosphere
on the spectral signatures of the chemicals being

key advantage of the method is that it uses seismic datdetected; the optical behavior of the atmosphere and

from a single monitoring station, with savings in cost
and ease of deploymertnother important advantage

is that it can reliably distinguish small nuclear explo

sions from small earthquakéshe method was stic

how it distorts the spatial-volume sampling profiles of
the laseiprobe beam; and the physics of reflection
that determines the return scattering intensities.

The LDRD programs at the three nuclear weapons

cessfully used to analyze and discriminate data from 2hational laboratories have invested in a wide variety

Nevada €st Site explosions and 15 southern Great

of technologies to address the challenges posed by th

Basin earthquakes of magnitudes between 3.1 and 4.7need to sample signature chemicals at a distance. For
Earth-orbiting satellites have detected transionospherexample, LDRD researchers have developed-laser

ic pulse pairs that are similar to signatures generated byliode arrays and newolid-state laser materials for

a nuclear explosion. LDRD scientists have developed athe production of very powerful, yet compact anii ef

theoretical model that explains how these signals are
produced by a runaway electron mechanism near thun
derstorms that causes upward-propagating digekar
called “sprites."The theoretical predictions have been
found to agree with measurements of radiofrequency
“chirp” pairs, as well as with optical and x-ray emis
sions associated with this phenomenama result of
this work, scientists can now more accurately identify
signals from clandestine nuclear explosions

LDRD researchers are also developing another
method to detect clandestine nuclear explosions in the
upper atmospherdhis method is based on the detec

tion of low-frequency (subaudible) sound waves, which

can travel and be detected at great distarite=se sub

cient, laser transmitters. Other LDRD researchers
have investigated the spectroscopy of known chemical
reagents in the atmosphere and the propagation of
laser beams and their reflections from aerosol-seatter
ing systems and ground-based reflecting objdtts.
results of these LDRD studies have been incorporated
into DOE’s ChemicaRlnalysis by Laser Interrogation

of Proliferation Efluents program, which is suppert

ing development and testing of field-equipment sys
tems capable of detecting the presence of operations
in which weapons of mass destruction are being
manufactured.

audible sound waves are rare in nature, but are generat

ed in aboveground nuclear explosions and can be
detected worldwide by a properly designed monitoring

The science and technology of satellite remote-sens
ing is an em@ing, rapidly growing, interdisciplinary

system. LDRD researchers have used subaudible sounfleld with many global and regional applications that
waves generated by space shuttle launches to test and require quantitative sensing, from space, of Earth’

refine detection equipment, determine how to deploy it,

and optimize ways to analyze the data.

The production of SNM, chemical weapons, and
biological agents requires the use of certain solvents

surface features as well as its atmosphere. It is possibl
today to resolve structures on Earth's surface that are
as small as one metéf this high spatial resolution is
coupled with high spectral resolution per pixel (as is
possible, for example, with a spectrometer in space),
instant object identification can also be achievied.
interpret these spectral signatures (e.g., for plutonium
or uranium) correctlyit is necessary to perform a

and reagents that are often released in small quantitiescomputational correction on the satellite imagery that

into the atmosphere. It is possible, in principle, to
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removes the distorting fetcts of the atmosphere.



LDRD has funded research in satellite remote-sens istry invented and demonstrated new ways to deter
ing since 1993—and much earlier for ground-based mine the composition and, often, the sources of the
sensing using laser imaging, detection, and ranging most minute samples of unusual materi@lse suc-
(LIDAR). One such project focused on developing the cesses of these studies, which relied upon interdisci
technical basis for (1) LIDAR field measurements of plinary approaches and risk taking with unusualtech
wind to improve prediction of chemical and biological niques, led to the establishment of the Forensic
agent transport on the battlefield and (2) LIDAR field Science Center in 1991. In a very short period, the
measurements of wind, temperature, and water vapor enter has become a leader in law enforcement,
improve the placement and interpretation of sampling national securitydefense, and intelligence applica
detectors used for proliferation detection. Measurementions. Technologies made possible by the initial
requirements, operational platforms, and LIDAR tech LDRD funding are being used to verify and monitor
nologies for the proliferation-detection problem have compliance with such international agreements as the
been studied, and preliminary choices for further develNuclear Nonproliferatiomreaty and the Chemical
opment have been made. Weapons Convention and are also being used to learr

A major LDRD activity in remote sensing science is whether a country is developing a clandestine nuclear
underway to support expanding competencies in non weapons program
proliferation, environmental monitoring, and nuclear LDRD has supported other innovative developments
waste processind.his activity is such as combining three technologies into a single sys

tem; these three technologies are an ion-trap mass

* investigating passive remote sensing using
the optical and infrared portions of the
electromagnetic spectrum at high spectral
resolution (hyperspectral sensing) to allow
detection and measurement of ets” that
were previously washed out;

developing the science and technology
allowing lasers to be used for the active,
remote sensing of atmospheric transport
parameters such as winds, temperatures, and
moisture content that are of great practical
importance in proliferation detection; and
developing newremote sensing concepts—
such as a practical concept for retrieving
signatures of vegetation canopies that would
allow identification of species and recognition
of thermal or chemical stress in plants.

spectrometer for analysis, a high-powered microscope
for viewing, and a laser for ionizing samples. In this
system, sampling material is placed on the tip of a
probe that is inserted into the source region of an ion-
trap mass spectromet&Vith a microscope outside the
vacuum chambethe sampling material is viewed from
above at a magnification of 250 tim@éslaser beam is
then directed at precisely the 10- to 50-micrometer spoi
on the probe tip from which the samglenass spectral
data are desiredhe intensity of the laser beam can be
adjusted to vaporize instantaneously either more or
less sampling material, depending on the size of the
sampleThe laser ionizes the material, and the mass
spedrometer sorts these fragments according to their
molecular weights. Once sorted, each chemical cempo
nent produces a characteristic mass spectral fragmente
tion pattern that is used by the operator to identify the
entire sampleAlthough this technique is still in its
infancy its potential could be enormous in forensic
investigations related to nonproliferation and counter
proliferation as smaller and smaller particles and fibers

LDRD has funded research to determine how best toan be sampled and characterized

measure trace materials for nonproliferation, counter

LDRD also has funded the development of a-suit

proliferation, and other purposes such as forensic sci case-sized gas chromatograph/mass spectrometer for
ence. Using sophisticated analytical equipment, LDRDon-site identification of ultratrace (microgram or less)
researchers in ganic, inoganic, and biological chem quantities of certain compounds in complex mixtures.
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The system weighs 20 kilograms, including an accom help answer questions concerning the degree ef cer
panying laptop computecan be carried onboard an tainty associated with estimating material quantities
airplane, and can be placed into the overhead comparbased on inventory information, safeguards-accounting
ment. Meanwhile, its accompanying generator afid of information, and material transit. It should also-pro
line vacuum-reconditioning pumping unit travel in the vide the framework, initial data, and information hec
baggage compartmerithis system is finding appliea  essary for conducting optimization studies to estimate
tion in nonproliferation activities. safeguards-resource requirements based on the existir
safeguards resources, management and control requir
Global Nuclear Material Flow Model ments, and Changing assurance needs.
The global proliferation of weapons-grade plutonium
and highly enriched uranium has become one of the
foremost threats to global securithis nuclear danger
can be reduced by a system for global management,
control, and disposition of special nuclear materials to
prevent their use for weapons purposes. LDRD
researchers are characterizing and modeling, from a LDRD researchers at the nuclear weapons national
global perspective, the management, control, and flow laboratories have contributed to a wide variety of sci
of weapons-grade nuclear materidlse objective of entific and technological areas that have led to a bettel
this work is to provide a computbased tool capable of understanding of plutonium and other actinide materi
als, as well as to advanced methods for assaying,; sep:
rating, and disposing of defense wastes. Some of thes:
contributions are detailed below

Nuclear Materials and Defense Waste
Disposal

e capturing and enumerating the information
and data concerning the global inventory of
nuclear weapons materials;

» providing a global view of the management
and control of nuclear materials, including
resource and accounting requirements;

» undertaking macrosystem simulations of
safeguards-accounting surety and safeguards-
resource estimation for the management and
control of nuclear materials;

» visually representing the information related
to nuclear materials (e.g., management and
control, quantitylocation, and transit) and

Plutonium Equation of State

LDRD-funded researchers developed the diamond
anvil cell (DAC), a versatile experimental tool for
studying the properties of materials at very highpres
sures (>300 GPa or 3 ¥8atm).The DAC apparatus
is well suited for investigating hazardous toxic materi
als because the samples required are very smaill (mil
ligrams) and are easily containddhus, it is an excel
lent tool for studying the melting of toxic metals at

both the intercountry and intracountry flow of
nuclear materials; and

» supporting the development of other pertinent

algorithmic capabilities necessary to under
take further global studies related to the

management and control of nuclear materials.

Significant progress has been made toward these

very high pressures. More recentylasetheated

DAC was developed by LDRD researchers who under
took a high-risk study to determine to what extent this
new approach could be used for high-temperature,
high-pressure SNM studies. Diamond is transparent to
electromagnetic radiation and has high thermal con
ductivity—features that were exploited to develop the
laserheating technique in the DAChe laser-heated

objectives, including development of a prototype of theDAC is placed in an x-ray beam to determine simulta
fundamental, computdrased framework necessary to neously the density and temperature of a sample at
undertake these studies. It is expected that this tool willltrahigh pressured.his allows the determination of




the equations of state and the melting properties of
metals and other materials in regimes that previously
could only be reached during chemical or nuelear
explosion-driven experiments.

The melting curve of plutonium, one example of a
measurement obtained with the laseated DAC appa

process for plutonium recoverjhis LDRD work
helps provide core technology for the D@&vanced
Recovery and Integrated Extraction System.

In a related LDRD-developed process, plutonium
metal is converted to plutonium hydride and then
chlorinated to form plutonium chloride and volatile

ratus, has proved to be of great interest in nuclear desigrhloride impurities. This technologlike the one
because the subtle interplay of material strength and itsdescribed in the preceding paragraph, can be used to
loss caused by melting solves a long-standing problem reprocess plutonium from retired nuclear weapons for
in accurately modeling implosion devices. Precise-mea use in recycled weapons, or it can provide weapons
surements of the melting curve by LDRD scientists haveplutonium as purified feed material for mixed-oxide
enabled more accurate simulation of the distribution of fuel to be burned in nuclear power reactors as part of

solids and liquids in an imploding devicehe distribu

an overall nonproliferation approackhis LDRD

tion of material phases controls the initial conditions for work has resulted in a successful feasibility demon

hydrodynamic instabilities and, therefore, controls
device performancdhe plutonium melting curve

stration that has strengthened the technology base for
plutonium processinglhe new technology is being

placed constraints on calculations, leading to improved considered for implementation by the DOE Fissile

understanding of the implosion process.

Scientists have developed a novel one-step method

for recovering metallic plutonium from nuclear

Materials Disposition Program.

Understanding the chemistry and metaiuof the
actinide elements has taken on new significance in the

weapons, a development that received a 1995 R&D 10@reas of stockpile stewardship and management.
Award. The new method, called the hydride-dehydride LDRD researchers are contributing to this understand
recycle process, eliminates the environmental hazards ing by developing new neutron fidction techniques,

associated with other plutonium recovery methods. It
takes advantage of plutonium's stronfinéiy for

by investigating the crystal structures of several
actinide alloys, and by developing multidisciplinary

hydrogen gas, a reaction that forms plutonium hydride.approaches to predicting the chemical and physical
The reaction takes place in a vacuum chamber inside groperties of actinide materials.

glove box.The lower part of the chamber includes a

heated crucible, and the upper part (cold zone) containsdleutron Diffr action Studies.With the end of the

the weapon componemf.small amount of hydrogen
gas is introduced into the cold zone, where it reacts
with the plutonium to form plutonium hydride powder
The powder falls into the hot crucible belomhere the
hydrogen is released (the dehydriding reacti®hg

Cold War and the concomitant cessation of both
undeground nuclear testing and the manufacture of
new nuclear weapons, new issues vital to the national
security mission have arisen. Specific examples are
long-term storage of nuclear materials and aging of

hydrogen then recycles through the process until all theglutonium in primaries in the nuclear stockpAe
plutonium has been extracted from the weapon cempo LDRD activity is focusing on answering questions of

nent.When the process is complete, the plutonium

practical importance to stockpile integrity and long-

powder that has collected at the bottom of the crucible term storage of nuclear material. Specific areas under

is melted and incorporated into a storage-ready ingot.

LDRD is funding a series of laboratory-scale experi

investigation are neutron #i&ction techniques for
smaller actinide samples, modeling of inelastic-scat

ments to obtain data for enhancing the operational andtering data for actinide metal hydrides, actinide oxide
safety characteristics of the hydride-dehydride recyclingstructures, and agingfe€ts in actinidesThese studies
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use neutron scattering supported by resistivitggnet-
ic susceptibility Sieverts equilibrium studies and
kinetics, and x-ray difaction. LDRD researchers have
developed an encapsulation cell for small actinide
samples to enable neutronfthtction studies of rare or
radiologically dificult actinides.The researchers also
have performed model calculations of helium in-
growth in aged plutonium at room temperature that
predict bubble formation only at grain boundaries.

Actinide Crystal Chemistry. Complexity of crystal
structure is the outstanding scientific problem in
actinide crystal chemistryt is not known why the idio
syncratic structures of plutonium metal occur or how
they transform among themselvése electronic insta
bility of the 5f electronic shell that is just beginning to
be filled in the light actinides causes the formation of

predict the chemical and physical properties of
actinide materialsThis multidisciplinary approach is
providing the scientific means to formulate rational
approaches for solving complex actinide problems in
a wide variety of environments.

Long-lived actinides constitute the dominant radio
logical hazard to the environment associated with the
nuclear fuel cycle. LDRD researchers have developed
techniques to measure chemical properties of actinide
element solution species, enabling follow-on work to
assemble the thermodynamics database necessary to
understand and model the chemical behavior of
actinides in geologic repository conditions. Ultimately
this work has provided the basis for new pyrochemical
processing techniques that result in far less waste thar
the standard aqueous treatmemtse approach devel
oped is now being applied in a prototypical production

“self-intermetallic” compounds in both plutonium metal system for the DOE Fissile Materials Disposition
and its alloys, and the formation of these compounds isProgram.The techniques also are under consideration
responsible for the observed complexity of structure antly the DOE Environmental Restoration aifdste

phase behavioKnowledge of the structures of elemen

Management Program for treatment of the chemically

tal plutonium has not by itself led to the reliable predic unstable residues located at many DOE sites.

tion of behavior with respect to structural transitions,
stability, and thermodynamic propertiés understand-
ing that would provide real predictive power is now a
requirement of the stockpile stewardship mission.
Current LDRD work is contributing to this understand
ing by determining the crystal structures of several
actinide alloys, including neptunium-uranium, plutoni
um-thorium, and plutonium-zirconium.

Actinide Molecular Science The chemistry and

The LDRD programs at the three nuclear weapons
national laboratories have funded researébrisf
designed to help understand and develop new
approaches for dealing with the disposition of radioac
tive and other hazardous wastes that are the legacy of
50 years of nuclear weapons production. In addition to
the plutonium recovery work described previoyslg

physics of the actinide elements have always been of discuss below contributions to separations science and

prime importance because they provide the basis for
process and separation chemistry and metp/ltelat-
ed to the nuclear weapons mission. Receittgrest in

technology using polymers; integrated approaches for
disposing of mixed (hazardougganics and radioac
tive) wastes; methods for nondestructively examining

the chemistry of the actinides has taken on new signifiwaste containers; radiation-hardened robots for applica

cance in the areas of environmental remediation and
stockpile management. Howeyeur ability to extend
our understanding of the behavior of these complex

tions to nuclear waste cleanup; and portable instrumen
tation for on-site analysis of solid and liquidieénts.

elements has been eroded by time and by the reducedSeparaions Science andlechnology. Separations

flexibility of programs to address research outside of
solving short-term problems. LDRD investigators are
combining synthetic chemistrgpectroscopic character
ization, and theory and modeling to understand and
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science is an interdisciplinary technology thdeets
almost every endeavor of DOE, DoD, and US indus
try. Chemical waste treatment and pollution preven
tion are critical needs in nuclear materials control,



recovery and purificationThe high cost associated

issues while being, at the same time, inexpensive,

with the long-term storage of radioactive wastes iman safe, and environmentally benign. LDRD researchers
dates separating the radioactive components from thehave coupled two accepted and proven waste-treat
nonradioactive components in a process waste streanment technologies—metal extraction chemistry and
before the waste is packaged and stored. Separation biological degradation of ganics—to address this

processes are also an integral part of managing the
plutonium legacyThe LDRD programs at the nuclear
weapons laboratories are addressing many of these
Issues.

For example, LDRD researchers have developed
and evaluated wateoluble chelating polymers for

legacy waste problenthe researchers have developed
a chelator system, based on wedeluble polymers,

that simultaneously binds both lead and chromium ani
that may also have potential for plutonium extraction.
In addition, the researchers have identified, cultured,

and tested biological degraders fogitroganics and

recovery of actinide and toxic metals from a variety of cellulose and have investigated the toxicity of the

process stream3he work focuses on two et

areas: (1) the removal of actinides and toxic metals
from wastewaterand (2) the recoverysing polymer
filtration, of copper and other precious metals from
industrial process streamghis LDRD work involves
advanced ligand/polymer synthesis, assembly of
equipment, and process demonstratportable
polymerfiltration system based on this technolpgy
which was used to recover zinc and nickel ions from
electroplating rinse waters, won an R&D 18@ard

in 1995. LDRD is now funding research in mem
brane-based separation technologies for the removal
of plutonium and americium from nuclear materials-

waste metals relative to these cultures.

Nondestructive Assg of Nudear Wastes.A trailer-
mounted, waste inspection tomography (WIT) system,
which can look into drums without opening them, uses
techniques developed by LDRD researchéhese
techniques, which are similar to medical x-rays and
computerized axial tomography scans, are used to
examine the contents of drums, including the amounts
location, and types of both radioactive and nonradioac
tive waste in the drums, as well as the kinds and level
of radioactivity.

Hundreds of thousands of drums of radioactive

processing wastewater; in fission-product separations waste reside in temporary holding sites across the

using cobalt dicarbolide for solvent extraction; in the
development and application of hollow-fiber mem

country awaiting the opening of permanent storage
sites. Before the drums can be permanently stored, the

brane modules for separating gases and nuclear matemust be inspected@he drums contain various cate

rials; in selective waste remediation usingitu pho-
tocatalytic reactors; and in other technologies.

gories of waste including low-level radioactive waste
and transuranic waste (e.g., contaminated laboratory

In another example, LDRD researchers are developclothing, equipment, and paper towels); mixed waste
ing integrated approaches for the disposal of defense (similar to the foregoing waste except that it is also

legacy wastes containing both hazardogmboics and
toxic and/or radioactive metalEhese mixed wastes

contaminated with oils, solvents, or heavy metals); anc
high-level waste (such as spent nuclear fuel rods and

contain metals such as lead, chromium, and actinidesyitrified wastes).

a variety of solvents such as methanol, acetone, and
chlorinated hydrocarbons; and cellulose materials
such as rags and pap&he complexity of the mixed
waste makes it ditult to identify a single technology
that will adequately address all the waste treatment
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Permanent storage of these wastes will cost from
$1,000 to $10,000 per drum, depending upon the kind
of waste the drum contain&ccurate drum inspections
will ensure that each waste container is properly storet
according to its content¥he WIT system reduces
drum inspection costs from a high of more than
$10,000 per drum to less than $1,000e system is
faster than opening drums and eliminates the hazards



of removing drum lidsThe uniqueness of th&/IT
system is in its ability to provide quantitative results
with reasonable throughput and cad¥t.sites that gen
erate radioactive wastes can benefit from a safer
cheaperand faster way to inspect waste drums.

Radiation-Hardened Robots.This LDRD efort

Portable Gamma- and X-Ra Detector. A new,
field-portable, x-ray fluorescence (XRF) analyzer
based on lae-area mercuric iodide (Hglradiation
sensors, has been developed by LDRD researchers fi
on-site analysis of solid and liquidflelents.The unit
consists of a hand-held probe, which contains thie Hg
sensor and three radioactive sources, and an XRF an

focuses on the process of designing radiation-hardenedyzer module, which contains a computssftware,

robots for applications such as nuclear waste cleanup,
nuclear plant maintenance, decontamination and
decommissioning, and engemcy response. The

LDRD work contributes to three areas: predicting-radi
ation doses, hardening to radiation, and monitoring
doses during operation.

Predicting radiation doses uses batpriori knowl-
edge of the environment, including radiation source
and type, and graphical programming capabilities that
are part of the robot control systefim operator can
rapidly build a model of the area for application, desig
nate objects as sources, define the source type;desig
nate points on the robot for dose measurement, and
preprogram the robot to execute a task. During simu
lated execution, doses accumulated at the dosimeters
are tracked continuously by DoseSen&ecomputer
code (developed by this LDRDfeft) that compares
the vectors from each source to each dosimeter with
dose maps generated-bhe. If limits designated by

and a displayThe instrument is lightweight, easy to
operate, and battery powered; it also requires no-mail
tenance for months and is capable of remote,-unat
tended data collection. It can quickly and nonintru
sively quantify contaminants ranging from sulfur to
uranium.The instrument has been used to quantify the
composition and trace contaminants in a variety of
specimens, and it can be used to analyze residues
associated with forensic investigations (e.g., samples
found at crime scenes)

In addition to the x-ray fluorescence capabilities, the
XRF instrument was designed to operate as a direct
gamma-ray spectromefend it has been used to per
form nondestructive assays of radioactive gamma-
emitting materials such as uranium and plutonitihre
high-resolution capability of the Higsensors allows
the instrument to identify radioactive materials by their
unique radiological signatures, and it has been used t
characterize a wide variety of nuclear materiake

the operator are exceeded, DoseServer warns the opersensors were also found to be radiation tolerant, with

ator that failure is imminent.

Hardened robotic systems can be designed using
data on predicted radiation type and dose. LDRD
researchers have compiled information on radiation

damage threshold two to three orders of magnitude
higher than cryogenically cooled silicon or germanium
detectorsThis feature allows their use in monitoring
high-level radioactive waste or in long-term monitor

hardness of components from weapons and spaee pro ing of weapon pits. Beyond the capability for monitor

grams as well as information obtained from radiation
testing of sensors and control components common to
mobile, gantryand pedestal-type robotic systems.
During execution of robotic tasks in the radiation envi
ronment, a graphical user interface (part of the robot
control system) tracks incoming data from radiation

ing stored SNM, the gamma-ray spectrometer can be
used to detect nuclear smuggling, to aid in SNM
search scenarios, or to perfommsitu monitoring of
airborne radioactive particulates that have been
collected on filters.

sensors on the robotic equipment, flagging the operator

if the doses or dose rates exceed set pdihis.warn-

ing assists in preventing failure caused by radiation
exposure by providing the opportunity to withdraw to a
safer environment for preventive maintenance.
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Other National Security
Research Areas

LDRD contributions to other national security areas

Controlling the microstructure, composition, and
mechanical properties of these many-component
ceramic materials has been a barrier to implementatiol
of this new technology. DRD researchers were the

include research and development of materials, detec first to discover and begin to understand the growth

tors, and computational tools for conventional military
applications, as well as sensors for environmental

mechanism in films of the superconductor yttrium-bar
ium-copper oxide (YBCOJThis work has uncovered

monitaing. Some of these contributions are described the role of film-deposition parameters in determining

below.

LDRD activities at the nuclear weapons national

the film-growth mechanisms and the resulting
microstructures, which in turn have a profounie ef
on the film properties.

Using their new knowledge, the LDRD researchers
recently achieved a world-record current density of

laboratories have contributed to the understanding andover one million amperes per square centimeter for a

development of materials for military applications.
Among these materials are high explosives (HE),
including insensitive HE; technology for the safe and
environmentally benign destruction of HE; flexible,
high-temperature superconductors (HTSCs) with
world-record capabilities for carrying current; multi
layer materials with applications to jet engines; and
materials with strong optical shielding properties.

High-Explosives Reseath and Derelopment.
LDRD-funded research and development has led to

flexible HTSC at the temperature of liquid nitrogen
(77 degrees kelvin)Yhis one-hundred-fold increase
over the previous world record is a new milestone in
superconductivity and is a giant step toward practical
applications. Superconductivity at the relatively high
temperature of liquid nitrogen is desirable because a
liquid-nitrogen cooling system is relatively easy to
insulate, and liquid nitrogen is plentiful and inexpen
sive.Also, because the tape is flexible, it can be adapt
ed to more uses than superconductor technologies the
rely on ceramic powders in tubes. Unlike HTSCs

numerical models that are routinely used to predict the made out of other materials, ti®CO superconduct-

performance and response of HE, especially insensi

ing tape retains much of its current density in high

tive HE. This work also led to the development of new magnetic fieldsAll these properties result in tremen

explosives of choice for shape ape@s and develep
ment of new shape-clge technology for conventional

defense. In addition, the LDRD researchers developed

molten-salt technology for application to the safe and

dous potential for both military and commercial
applications.

Multilayer Mater ials and X-Ray Mirrors. LDRD

environmentally benign destruction of high explosives. researchers have developed very thin, well-controlled

This technology has been transferred to the military

High-Temperature Superconductors.HTSCs,

which can carry electrical currents without resistance
at relatively high temperatures, have the potential for
very broad military and civilian applications and
could be influential in many applied areas such as
superconducting components, ferroelectric memory

multilayer materials and aerogels that have found
application in power sources, jet engines, and x-ray
lithography X-ray mirrors developed by LDRD
researchers played a dramatic role in the diagnostics
of nuclear weapons during the last years of testing anc
are crucial elements in the National Ignition Facility
target-diagnostics program.

elements, optical wave guides and switches, chemical Optical Shields For Defense Applications Glass

sensors, and infrared detectors. Lorgerge applica-
tions include powegeneration devices and mass
transportation.
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with an admixture of buckminsterfullere(@so) has
been shown to have strong, optical-shielding proper
ties, with applications to military defenséhe



geometry of th&Ceo molecule looks like the seams on
a soccer ball—giving rise to the name “buckyballs.”
These molecules limit light transmitted through them
to an intensity below some finite threshold. Once the
incoming light goes above that threshold, the mole
cules let no more light pass.

While this efect had previously been demonstrated
in a liquid solution, LDRD researchers have now-suc
cessfully formed a solid matrix containing tGe, mol-
ecules and have demonstrated that the doped glass
exhibits the same optical-limiting properties as were
previously observed in the liqui@he optical shut
down is fast, which is important when protecting
against intense, pulsed-light sourcBlse LDRD team
recently showed that special, chemically modified
fullerenes, which are more soluble tha#, can now
be used to make high-concentration glass admixtures.
This means that the fast optical-shutdowie&fcan
now be produced in thin, protective coatings and fil
ters.These materials provide protection that matches
the wavelength of the new tunable military lasers,
which produce very short, high-power pulses. By
enabling the development of goggles, airplane

was originally used by LDRD scientists as a research
diagnostic to measure the properties of high-tempera
ture superconducting crystals. It was quickly deter
mined that RUS could be used for the nondestructive
testing of crystals for imperfections in the crystal
structure The technique was further applied to moni
tor for cracks and other flaws in commercial and-mili
tary hardware. Detectors and diagnostic electronics
that could be incorporated in industrial production
lines quickly yielded spectacular results when €om
pared with other sampling techniques being used for
manufacturing quality control.

RUS is being used in the military sector for the-non
destructive testing of aircraft landing assemblies, tur
bine disks, and ball bearings; and aforfis in
progress to examine helicopter rotor parts for cracks
and flaws. In an application to stockpile stewardship,
LDRD researchers are exploring the use of RUS to
study the dkcts of aging on hemispherically shaped
explosive chages. Specific aging fefcts in weapon
components include flaws, chemical migration, and
debonding in the explosive fabrications.

The identification and development of RUS is an

canopies, filters, or coatings to shield eyes, equipmentexcellent example of how LDRD research that was ini

and sensors from high-eggrlaser light, the new
materials can counter the threat of tactical laser

tiated to answer a scientific question can find impor
tant applications in both the military and commercial

weaponsThe LDRD researchers have been awarded asectorsApplications of RUS built on the foundations

patent for their novel process.

LDRD activities at the nuclear weapons nationat lab
oratories have enabled development of a variety of
detectors for military applications, including detectors
that monitor cracks and other flaws in commercial and
military hardware; smart fuses for military ordnance;
micropulse radars for mine detection; synthetic -aper

provided by the LDRD research have earned RUS sev
eral patents and two R&D 1@Qvards.

Smart Fuses and Micopulse Radar.LDRD investi-
gations in the area of hard-wired neural nets have led
to smart fuses for military ordinance. LDRD
researchers have developed high-power micropulse
radar and sophisticated algorithms for detecting sub
merged objects. This technolqdyesides having
numerous commercial applications, is being evaluated
by the military for mine detection, seeing through

ture radars (SARS) for space applications; advanced walls, and military medicine.

target recognition systems for mobilegat detection;
and an ion mobility spectroscopy (IMS) tool for
explosives sensing.

Ultrasound Identification of Failure in Militar y
Hardware. Resonant ultrasound spectroscopy (RUS)
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Synthetic Apertur e Radar. Work on the SAR began
as a result of unique expertise gained during develop
ment of nuclear radar fuses in the 1970s and 1980s,

which led to an exploratory program using advanced

imaging radars for possible weapon guidance in the



late 1980sThis program, in turn, led directly to the

development in the early 1990s of a unique airborne

SAR prototype for all-weathglong-range surveil

lance and reconnaissance. Since that time, LDRD LDRD researchers have contributed new modeling

researchers have advanced the SAR technology by capabilities to the CTH computer program, a software

studying its application in space; developing a uniquesystem that is used for analyzing problems involving

three-dimensional interferometric SAR; and extractingntense, impulsive loading of materials and structures.

target coordinates and features from SAR imagery  One example is a material-response model for materi
als such as layered composite materials that possess ¢

Automated Target Recognition TechnologyAs SAR preferred orientationThis transverse isotropic (TI)

technology makes the transition to industry and as batmodel, as implemented in CTH, models the dynamic

tlefield SAR systems on tactical aircraft become more mechanical response of a number of advanced materi

common, the amount of SAR imagery that must be  als that are used in nuclear weapons systems. For

handled and analyzed will increase dramatically example, th&'l model can be used to represent the
Handling the increased amount of SAR imagery and tape-wrapped, carbon-phenolic composite material that
the timely identification of time-critical tgets (for is used in the aeroshell of ballistic missil&sother
example, mobile tgets such as SCUD missile application is the modeling of the polar ferroelectric

launchers) using SAR imagery require automated tar materials that are found in shock-actuated power sup

get-recognition (AR) systems that can quickly scan  plies for some weapon componeriike TI model has

the imagery and identify areas of interest for image  been developed with a significant amount of versatility

analysis by humans. In parallel with the SAR work in mind. Consequentlyhe model provides an exeel

described above, LDRD researchers are investigating lent foundation upon which more sophisticated plastic

ATR systems for time-critical mobile et detection ity and fracture models can be built without compro

using SAR imageryThe primary focus of this work is  mising the underlyind| symmetry of the material.

on multiple-source data fusion, feature extraction, and LDRD researchers also developed new capabilities

neural-net exploration. for modeling dynamic fragmentation events in CTH.
The main accomplishment of thifat was incorpe

lon Mobility Spectroscopy for Explosives Detection.  rating—in the CTH code—a means for determining

LDRD-funded work is developing IMS as a tool for ~ average fragment size in such eveiitss capability

rapidly screening environmental sites for the presencehas been used in defense-related applications such as

of explosives; to confirm the presence and/or identify formation of fragments in explosive accidents involv

unknown explosive materials in forensics investiga  ing nonnuclear detonation of warheads, destruction of

tions; to determine the contents of unexploded ord conventional explosive weapons, and debris formation

nance; and to detect concealed explosives carried by during high-velocity impact.

people. IMS sensing of explosives has been demon

strated in both air and watend a robotic platform is

being designed for unattended sample collection and

analysis. The LDRD programs at the nuclear weapons nation
al laboratories have funded fundamental and applied
research on sensors for environmental monitoring of
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defense wastes and for detecting environmental indica
tors of weapons production. Some examples include the
following.

Exhaust Gases and/olatile Or ganic Compounds.
Using molecular self-assembly techniques, LDRD
researchers have developed a compact and robust sur
face-acoustic-wave-based chemical microsensor for
remote, real-time reversible sensing of volatilgamic
compounds. Self-assembly techniques allow toxin-
sensing molecules to ganize (or self-assemble) so
that one end of the molecule bonds directly to a-sens
ing detector (a transducer) and the other end extends
as a ‘buckettailored to temporarily trap specific
chemicals. Changing the size and polarity of the
bucket allows the microsensors to be custom tailored
so that they track specific gainic toxins.The oganic
sensing layer (or bucket) is designed and constructed
using moleculaengineered cyclodextrin derivatives,
which provide a cone-shaped molecular structure that
can readily trap specific ganic toxins. Because the
cyclodextrin buckets bind the contaminants weakly
the microsensor is reversible and can be used to-moni
tor continuously changing concentrations of the conta
minant over an extended period of tiniéis LDRD-
developed technology received an R&D JQard in
1995.

Waterborne Contaminants. LDRD researchers have
developed quartz resonator sensors for monitoring
waterborne contaminantghis technology has been
proposed to DOE Office of Nuclear Nonproliferation

as a means to detect chemicals that would indicate
weapon production. Inspectors could use such sensors
to monitor liquid efluents from plants suspected of
producing chemical, nucleasr biological weapons.
Thus, these sensors can contribute to treaty verification
efforts. s

47



List of Acronyms

ADaPT

ADTT

AEDA

AL

ANSI

ARIES

ASCI

ATM

ATR

CSP

DAC

DAVE

DLF

DoD

DOE

DP

EUV

GCIMS

GRIS

Advanced Design and Production
Technology (DOE initiative)

accelerator-driven transmutation
technologies

Atomic Energy Defense Activities
Albuquerque Operations fife (DOE)
American National Standards Institute

Advanced Recovery Integrated
Extraction System

Accelerated Strategic Computing
Initiative (DOE)

asynchronous transfer mode
automated target recognition
Computer Storage Project

diamond anvil cell

distributed audio-video environment
directed-light fabrication
Department of Defense

Department of Engy

Defense Programs

extreme ultraviolet

gas chromatograph/mass spectrometer

gamma-ray imaging spectrometer

HE

HIPPI

HTSC

IMS

ISRC

MLNSC

LDRD

LIDAR

MC

MILSI

NSTC

OAK

R&D

RUS

S&T

SAR

SAW

SBSS

Sn

SNM

high explosives

high-performance parallel interface
high-temperature superconductor

ion mobility spectroscopy

Intelligent Systems and Robotics Center
Manuel Lujan Neutron Scatterir@enter

Laboratory Directed Research
and Development

laser imaging, detection, and ranging
Monte Carlo

multiple imaging of lastesheet
illumination

National Science antechnology Councll
Oakland Operations @¢e (DOE)
research and development

resonant ultrasound spectroscopy
science and technology

synthetic aperture radar

surface acoustic wave

science-based stockpile stewardship
discrete ordinates

special nuclear material
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SONET

START

Tl

TTBT

TTI

VCSEL

WIT

XRF

YBCO

synchronous optical network
Strategic Arms Reduction Treaty
transverse isotropic

Threshold Test Ban Treaty
technology transfer initiative

vertical cavity surface-emitting laser
waste inspection tomography

x-ray fluorescence

yttrium-barium-copper oxide

49



	LDRD Tri-Laboratory Report
	Preface
	Contents
	Role of LDRD
	Contributions of LDRD
	Nuclear Weapons Science & Technology
	Nonproliferation, Counterproliferation, and Arms Control
	Nuclear Materials & Defense Waste Disposal
	Other National Security Research Areas

	Conclusions
	Appendix
	Appendix Contents
	Nuclear Weapons Science & Technology
	Innovative Imaging/Diagnostic Techniques
	Aging Effect in Nuclear Weapons Compnents
	Advanced Manufacturing Process
	Advanced Computational Capability
	Neutron-Scattering Science
	Weapon Communications

	Nonproliferation, Counterproliferation, and Arms Control
	Advanced Gamma-Ray Detectors
	Monitoring Devices
	Remote Detection of Chemical Plumes
	Satellite Remote-Sensing Science
	Forensic Science & Counterproliferation
	Global Nuclear Material Flow Model

	Nuclear Materials & Defense Waste Disposal
	Plutonium Equation of State
	Plutonium Recovery
	Characterization of Actinide Materials
	Waste Disposal Technology

	Other National Security Research Areas
	Materials for Military Applications
	Detectors for Military Applications
	Computational Tools for Military Applications
	Sensors for Environmental Monitoring

	List of Acronyms



